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T1IF. SABBATH} 

\ tlie opening wrds of a LecUire delivered in tliis 
city four years ago,* I spol^e of tliB desire atid ten- 
dency of tbe present ajre tO connect; itself organically 
with preceding ages. ■Tn6«ipvessiofa'jf'tliis desire is not 
limited to the conift'tlio'ii Of the inat^Vi^ 'organisms of 
to-dAj with those of the geologic past, as set forth in Ilia 
doctrines of Mr. Datwin, It is eqimlty manifested in 
thedomain of mind To Miia cource iniiy be traced the 
philosophical Wrjlings of Mr. Herbert Spe.D'J^r, To it 
we are indebted" foV the series of learned hXiA- laborious 
works on 'The Sotirceit-of Christianity, "by M. Kennn. 
To it we owe the- I'esea'r^li'eft of Profe&scr'Hax Mijller 
in the domain of cotflparative pfiilokigy and mytho- 
logy, and the endeavour tc found en' fhese researches a 
'science of religion.' In this relation, moreover, the 
recent work of Principal Caird* is highly characteriatio 
of the tendencies of the age. He has no words of 
vituperation for the earlier and grosser religions of the 
world. Tiiroiighout the oges he discerns a purpose and 
a growth, wherein the earlier and more imperfect 
religions constitute the natural and necessary precursors 
of the later and more perfect ones. Even in the slough 

' Presidential Address delivered before the Glanguw Suudiij 
Bociety. 

' yeratatatiBn ! Fragmentt of Science, vol, il. p. 25 
• l-ktrinlntlian to Ihf Pkiloiojihy of Selii/ian, 
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of ancient pjiganism, Principal Caird detects a powrf 
ever tending towards amelioration, ever woikiugtflvtarrii 
the advent of a better state, and finally emerging ia 
the pnrer life of Cbristianitj,' 

Tliesec!iange3 in religious conceptions and practices 
correspond to the changes wrought by augmented ex- 
perience in Ihe texture and contents of the human 
mind. Arquainted as we now are with this immeasur- 
able universe, and with the energies opeiant therein, 
the guises under which the sages of old prtssnted the 
Maker and Builder thereof seem to us to belot g to 
the utter infancy ^ofthiflga/ To point to illustniti'ina 
drawn from tb§. faiJBtheu fci5rW..\w)uld be Biiperduoits. 
We may tjffttipt .lirgber, &^.Sfill'_find our assertion 
true. WJiea^'^F exHinpIe, ]fIoge^''and Aaron, Nadah 
and Abipu, iin^ seventy Elders of-Israel are represented 
as climhing Mount Sinai, and actually sying there the 
God of'lBi;p*I, we litten to langifSige'ld which we can 
attach Do'srgliificniK-e. * There -ig'Mlj -all this," says 
Principal'.'Csjid, 'much which,'rtei) -svhen religious 
feeling ia ^Tf&oritifig ihe latepb bufti'iJieiit contained in 
it, is perceiv^S-lJJj'tha'ptiilosb'pJiiil^ChriEtian of to-day] 
to belong to tiie'iJolujyn of myerlalistic and figurative 
conception.' The reason ts'tJiat the Christian philoso- 
pher of to-day has larger capacities and fuller knowledge 
than tlie Israelite of the time of Moses. What the one 
accepted as literal truth the other cannot accept save 
as a myth or figure. Tlie children of Israel received 
without idealisation the statements of Iheir great law- 
giver. To them the tables of the law were true tablets 
of stone, prepared, engraved, broken, and re-engraved ; 
while the graving tool which thus inscribed the law 

' In rrof. Has Jliiller'a IntradHetion to tlie Science of Jteliffion 
gome litio passages occur, cmbadying tbe above viuw of Ihc contiuuitj 
of religious development. 
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was beld umloubtingly to be the finger of God. To us 
sut-h conceptions are impossiMe. We may by habit iise 
the words, but we attach to them no definite meaning. 
'As the religious education of the world advances,' 
sayj Principal Caird, 'it becomes impossUde to attuch 
any literal raeiming to those representations of God 
and his relations to mankind, which ascribe to Him 
human senses, appetites, passions, and the actions and 
experiences proper to man's lower and finite nature.' 
To Principal Caird, nevertheless, this imaging of the 
Unseen is of inestimable value. It fumislies an objec- 
tive counterpart lo religious emotion, permanent but 
plastic — capable of indefinite change and purification 
in response to the changing thoughts and aspirations of 
mankind. 

It is, moreover, solely on this mutable element that 
Principal Caird fixes his attention in estimating the 
religious character of individuals, or the point of pro- 
gress which has at any time been attained by nations 
or races in the religiuiis history of the world. ' Here,' 
he wiys, 'the fundamentnl inquiry is as to the objective 
diameter of their religious ideas or beliefs. The first 
question is, not bow they feel, but what th^y think and 
believe ; not whether their religion manifests itself in 
emotions more or less vehement or enthusiastic, but 
what are the conceptions of Grod and divine things by 
which these emotions are called forth?' These con- 
ceptions 'of God and divine things' were, it is admitted, 
cnce ' materialistic and figurative,' and therefore objec- 
tively untrue. Nor is their purer essence yet distilled ; 
for the religious education of the world still 'advance?,' 
and is, therefore, incotn|ilete. Hence the essentially 
fluxional character of that objective coimterpart to 
religious emotion lo which Principal Caird attaches 
must importance. He, moi-eover, assumes that tha 
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emotion is called forth by the conception. There is 
doiiljtless action and renction here ; but it may be 
jjiiestioned whether the conception, which is a consinic- 
tioQ of the human understanding, could be at all put 
together without materials drawn from the experience 
of the human heart.' 

The changes of conception here adverted to have 
not always been peacefully brought about. The 'trans- 
mutation ' of the old beliefs was often accompanied by 
conflict and ?:iffering. It was conspicuously so during 
the passage from paganism to Christianity. Some of 
the Roman enaperors treated the Christians with fair- 
ness. Adrian was one of these. ' If anybody,' he says, 
writing to the proconsul of Asia, ' appear as accuser, 
and can prove that the Christian? have broken the laws, 
let punis])ment be indicted in proportion to the gravity 
of the offence. But, by Hercules I if any should de- 
nounce a Christian slanderously, you must punish the 
slanderer still more severely.' This seems a very honest 
line for a pugan empeior to pursue. Some of bis suc- 
cessors followed his example, but others did not. During 
the reign of Xero the cruelties infl icted on the Christians 
at Rome can hardly be mentioned without a freezing of 
the blood. According to Renan, the Antichrist of the 
Apocalypse was the Emperor Nero ; he being raised to 
this bad eminence by reason of his atrocities against the 
new religion. The mystic Dumber 666, which Pro- 
testants have BO often fa-tenpd upon the Pope, answers 
accurately to Nero's name and title. The numerical 

' While reading the voluina of Princfpal Caiid I was remind d 
moretlisnoiiceofthe following passigB in Renan'sJst'eJrijf; -Et 
d^I1eim.que) est lliomme iraimeat reii^eai qui rSpodie compile 
meat rcn^i^emeaC uaditioiuiel A I'lunbie doqnel il seatit d'aboitf 
ridfa). qui Qe chercbe pas l«a coociliatigna. sonteat impossibles, 
cntie sa lieille foi et oelle 1 taqvetle il est aniid par Ic pn^i^ de 
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values of the Hebrew letters added together make up 
thia number. 

Inhiswoik entitled 'L'Eglise Chretieiine,' Kennn 
describes the suffeiings ot a group of Christians ab 
Smyrna which may be talten aa typical. The victim"! 
were cut up by the lash till the inner tissues of their 
bodies were laid bare. They were dtiigged n'lked over 
pointed shells. They were torn by lions; and finally, 
while still alive, were comniitted to the flame;'. But all 
these tortureB failed to extract from them a murmur or 
a cry, A youth named GermanJcus, on this occasion, 
gave his companions in agony an example of super- 
human courage. Hii conflict with the lions called forth 
such admiration that the proconsul entreated him ta 
have mercy on his own youih. Mercy was to be obtained 
by recanting; Imt, instead of yielding, the youth pro- 
voked and excited the beasts, anxious to be torn tn 
pieces, and thus removed from so perverse a world. 
His heroism simply exasperated his brutal persecutors, 
who, when he was despatched, demanded another 
victim. The Christians were called Atheists — a name 
then and long afterwards of terrible import. ' Death 
to the AtheistsI let us seek PoljcarpP shouted the 
maddened crowd. Polycarp, the friend of St. John, 
and the principal pereonage in the Churches of Asia, 
was then resident at Smyrna. Thsy sought, found, and 
arrested him. Those in power tried at first to coai him 
into apostasy, but threats and entreaties proved equally 
vain. 'Insult Christ'' exclaimed Statins Quadratus. 
Polycarp replied: 'For eighty and six years have I 
served Hira, and He has never wronged me — I am a 
Christian!' The grand old man felt a profound disdain 
for the roaring crowd around him. ' Give me a day/ 
said he to Quadratus, 'and I will show you what it ia 
to be a Christian.' 'Persuade the people,' retorted 
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QuadmtUB. 'I will reason with i/ou,' replied Polycarpj 
'because our precepts oblige ua to show respect lo 
those in aiithontj' ; bnt I reinse to plead my cause 
liefore a mob,' Hia resolution was made known to tlia 
crowd, who shouted for the lions. They were informed 
that for that day the teasts had finished tlieir work. 
' To the flames, then ! ' cried the people ; and the aged 
man was led to the stake. There he publicly thanked 
God for admitting him amongst those who had suffered 
death for his name. The fate of Pol5carp reminds one 
of (bat of the Jew Eleuzar, described in the tixth 
chapter of the Second Book of Maccabees. The Apo- 
rrjpha, I would remark, ought to be bound up with all 
your Bibles; it contains much that is beautiful and 
wise, and there is in history nothing finer than the 
description of Eleazar's end. 

The fortitude of the early Christians gained many 
converts to their cause ; still, when the evidential value 
of fortitude is considered, it must not be forgotten that 
almost every faith can point to its rejoicing martyrs. 
Even the murderers of Polycarp had a faith of their 
own, the imperilling of which by Christianity spurred 
them on to murder. From faith they extracted the 
diabolical energy which animated them. The strength 
of laith is, therefore, no proof of the objective truth of 
faith. Indeed, at the very time here referred to we 
find two classes of Christians equally strong— Jewish 
Christians and Gentile Chrisiians — who, while dying 
for the same Master, turned their backs upon each 
other, mutually declining all fellowship and communion. 
The forces which, acting on a large scale, had differen- 
liated Christianity from paganism, soon made them- 
selves manifest in details, producing disunion and 
opposition among those whose creeds and interests 
were in great part identical. Struggles for priority. 
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; were not uncommon. Jesus himself had to 
quell such contentions. His exbortatiuus to humility 
were frequent, 'He that is least among jou shall be 
greatest of all.' There were alto conflicts upon points 
of doctrine. Among conimnnitiea so diverse in tem- 
perament and antecedents diffL'rences were sure 1x) arise. 
The point of difference which concerns us most had 
Inference to the hiuding power of the Jewish Uiv. 
Here dissenuious arose among the apostles themselves. 
Nobody who reads with due attention tlie epistles of 
Paul can fait to fee that this mighty propagandist had 
to carry on a lifelong struggle to maintain his authority 
as a preacher of Christ. There were not wanting those 
who denied him all vocation. James was the head of 
the Church at Jerusalem, and Judeo-Cbristians held 
that the ordination of Jamea was alone vaUd. Paul, 
therefore, having no mir^ion from James, was deemed 
by some a criminal intruder. The real fault of Paul 
was his love of freedom, and his uncompromising re- 
jection, on behalf of bis Gentile converts, of the chains 
of Judaism. He proudly calls himself ' the Apostle of 
the Gentiles.' He uays to the Corinthians, ' I suppose 
I was not a whit beiiind the chiefest apostle. Are they 
Hebrews? So am I. Are they Israelites? So am I. 
Are they of the seed of Abraham ? So am I. Are they 
ministers of Christ? J am more; in labours more 
abundant, in t-tripes above measure, in deaths oft.' He 
then establishes his right to the piwtion which he 
claimed by recounting in detail the sufferings he had 
endured. I leave it to you to compare this Christian 
hero with some of the 'freethinkers' of our own day, 
who, ' more intolerant than the intolerance ttiey de- 
precate,' flaunt in public their cheap and trumpery 
theories of the great Apostle and the W:ister whom hu 
terved. 
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Paul was too outapDken to escape assault. Ail iii- 
eincei'ity or double-faced Bess— all huml'iig, in sbort — 
was hateful to him; and even ani'iug his colleagues 
hefouiid scope for this feeling. Judged by our standard 
of manliness, Peter, in moral stature, fell far short of 
Paul. In that supreme moment when his Jlasler 
I'equired of him 'the durance of a granite ledge' Peter 
proved 'unst.ible as water.' lie ate with tlie Gentiles 
when no Judeo-Christian was present tJJ oltserve himj 
but when such appeared lie withdrew himself, fearing 
those which were of the circumcision. Paul charged 
liim openly with dissimulatloa. But Paul's quarrel with 
Peter was more than personal. Paul contended for a 
principle, and was determined at all hazards to shield 
his Gentile children in the Lord from the joke which 
their Jewish co-religionists would have imposed upon 
them. ' If thou,' be says to Peter, ' being a Jew, livest 
after the manner of the Gentiles, and not as do the Jews, 
vvhy compellest thou the Gentiles to live as the Jews? ' 
In the spirit of a liberal, not in name but in deed, he 
overthrew the Judaic preferences for days, deferiing at 
the same time to the claims of conscience. ' Let him 
who desires a Sabbith," he virtually says, 'enjoy it; but 
let him not imp'ise it on his brother who does not,' 
The rift thus revealed in the apostolic lute widened with 
time, and Cbristian love was not the feeling whii'li 
long animated the respective followers of Peter and 
Paul. 

We who have been bom into a settled state of things 
ciin hardly realise the commotionout of which this t.ran- 
qiiillitjhas emerged. We have, for example, the c^inon 
ot Scripture already arranged for us. But to silt and 
select these writings from the mass of spurious ditcu- 
tnonts afloat at the time of compilation was a work of 
T.ist labaur, difficulty, and responsibility. The !ige was 
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rife ■with forgeries. Even good men lent themselves to 
tliege pioua frauds, believing that true Christian ductrine, 
which of course was tfietT doctrine, would be thercliy 
quickened and promoted. There were gospels and 
coiinter-gospela ; epistles and counter- epistles — Boniit 
fiivolous, Bome dull, Bome speculative and romantic, 
and Bome bo rich and penotiating, so saturated wilh 
the Master's spirit, that, though not included in (he 
canon, they enjojcil an authority almost equal to that 
of the canonical hooks. When iirguments or proofd 
were needed, whether on the side of the Jewish Christiana 
or of the Gentile Christiuns, a document was ditcovered 
which met the case, and on which the name of au 
apostle, or ot some authoritative contemporary of the 
apostles, was boldly inscribed. The end being held to 
sanctify the means, there was no lack of manufactured 
testimony. The Christian world seethed not only with 
apocryplial writings, but with hostile interpretations of 
writings not apocryphal. Then arose the sect ot" the 
Gnostics — men who know — who luid claim to the pos- 
session of a perfect Bcienee, and who, if they were to be 
believed, liad discovered the true formula for what 
philosophers called 'the Absolute.' But these specula- 
tive Gnostics were rejected by the conservative and 
orthodox Christiana of their day as fiercely as their 
succoBeors the Agnostics — men who don't know — are 
lejected by the ort hodojc in our own. The good Polycarp 
one dsy met IMarcion, an ultra-Paulite, and a celebrated 
member of the Gnostic sect. On being nsked by Mai- 
cion whether he, Polycarp, did not know him. Polycarp 
replied, ' Yes, I know you very well ; you are the first- 
born of the devil.*' This ia a sample of the bitterness 
then common. It was a time of travail — of throes and 
whirlwinds. Men at length began to yearn for peace 
' L'Ei/lUe Ca7-i!(ie«Bfl,p. 43U. 
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and unity, and out of the embroilment was slowly con- 
solidated that great organisation the Church of Ri)me. 
The Church of Rome had its precursor in the Church 
at Rome. But Rome was then the capital of the world ; 
and, in the end, that famous city gave the Christian 
Church, established in her naidst, such a decided pre- 
ponderance that it eventually hild claim to llie proud 
title of ' Mother and Matrix of all other Churches.' 

With terrible jolts and oscillations the religious life 
of the world hasrun down 'the rioginggroowea of chaiigt;.' 
A (smoother route may have been undiscoverable. At 
all events it was undiscovered. Some years aj^o I found 
myself in discussion with a friend who entertained the 
notion that the general tendency of things in this world 
is towards equilibrium, the result of which would be 
peace and blessedness to the human race. My notion 
was that equilibrium meant not peace and blessedness, 
but death. No motive power is to be got from heat, save 
durir;^ iisfalL from a higher to a lower temperature, as 
no power is to be got from water save during its descent 
from a higher to a lower level. Thug also life consists, not 
in equilibrium, but in the passage towards equilibrium. 
In man it is the leap from the potential through the 
actual to repose. The passage often involves a fight. 
Every natural growth is more or less of a struggle with 
other growths, in which the fittest survive. In times 
of strife and commotion we may long for peace ; but 
knowledge and progress are the fruits of action. Some 
are, and must be, wiser than the rest; and the enuncia- 
tion of a thought in advance of the moment provokes 
dissent or evokes approval, and thus promotes action. 
The thought mjiy he unwise; hut it is only by dis- 
cussion, checked by experience, that its value can be 
determined. Difcussion, therefore, is one of the motive 
powere of life, and, as such, is not to be deprecated. 
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still one can hardly look without despair on the 
passions excited, and the energies wasted, over qiiea- 
tiona whicli, after ages of strife, are shown to be mert) 
fatuity and foolishness. Thus the theses which shouk 
the world during the firtt centuries of the Ohristiao 
era have, for the moBt part, shrunk into nothingness. 
It may, however, be tbat the human, mind could not 
become fitted to pronounce judgment on a controversy 
otherwise than by wading through it. We get clear of 
the jungle by traversing it. Tliua even the errors, con- 
flicts, and sufforinga of bygone times may have been 
necessary factors in the education of the world. Let 
nobody, however, say that it lias not been a hard educa- 
tion. The yoke of religion has not always been easy, 
nor its burden light— a result arising, in part from tbe 
ignorance of the world at large, but more especially from 
the mistakes of those who had the charge and guidance 
of a great spiritual force, and who giuded it blindly. 
Looking over the literature of the Sabbath question, as 
catalogued and illustrated in the laborious, able, and 
temperate work of the late Mr. Robert Cox, we can hardly 
repress a sigh in thinking of the gifts and labours of in- 
tellect which this question has absorbed, and the amount 
of bad blood which it has generated. Furtlier reflection, 
however, reconciles us to the fact that waste in intellect 
may be as much an incident of growth as waste in nature. 

"When the various passages of the Pentateuch which 
relate to the observance of the Sabbath are brought 
together, as they are in tbe excellent work of Sir. Cos, 
and when we pass from them to the similarly collected 
utterances of the ?(ew Testament, we are immediately 
exhilarated by a freer atmosphere and a vaster sky. 
Christ found the religions of the world oppressed almost 
to sutfocation by the load of formulas piled upon them 
by the priesthood, He removed the load, aud rendered 
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respiration free. He cared little for forms and ceremiv 
nies, which had cettsed to be tlie raiment of man'a 
spintual life. To that life he looked, and it he sought 
to restore. It v.'as remarked by JTartin Lnther that 
Jesus broke the Sabbath deliberately, and even ostenta- 
tiously, for a purpose. He walked in the fields; he 
plucked, shelled, and ate the corn ; he treated the sick, 
and his spirit may be detected in the alleged imposition 
upon the restored cripple of the labour of carrying his 
ted on the Sabbath day. He crowned his protest against 
a sterile formalism by the enunciation of a principle 
which applies to ua to-day as much as to the world in 
the time of Christ. ' The Sabbath was made for man, 
and not man for the Sabbath.' No priestly power, lie 
virtually declares, shall henceforth interfere with man'a 
freedom to decide how the Sabbath is to he spent. 

Though the Jews, to their detriment, kept them- 
selves as a nation intellectually isolated, the minds of 
iudividuals were frequently coloured by Greek thought 
and culture. The learned and celebrated Philo, who 
was contemporary with Josephus, was thus influenced. 
Philo expanded the uses of the seventh day by including 
in its proper observance studies which might be called 
secular. ' Moreover,' he eajs, ' the seventh day is also 
an example from which you may learn the propriety of 
studying philosophy. As on that day it is said God 
beheld the works that He had made, so you also may 
yourself contemplate the works of Nature,' Permission 
to do this is exactly what the members of the Sunday 
Society humbly claim. The Jew, Philo, would grant 
them this permission, but our straiter Christians will 
not. Where shall we find such samples of those works 
of Nature which Philo commended to the Sunday con- 
templation of his countrymen, as in the British Museum? 
Within those walls we have, as it were, epochs disen- 
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tombed — ages of divine energy illustrated. But tbe 
efficient authorities — among whom I would include a 
short-sighted portion of the public — resolutely close the 
doors, and escluua from the contemplation of these 
tilings the multitudes who have only Sundiiy to devote 
to them. Are the authorities logical in doing so ? Do 
they who thus stand between them and the public 
really believe those treasures to be the work of God? 
Do theyordo they not hold, with Paul, that 'the eternal 
power and Godhead ' may be clearly seen from ' tbe 
things that are made ' ? If tbey do — and they dare not 
affirm that they do not — I fear that Paul, with his cus- 
tomary plainness of language, would pronouoee their 
conduct to be ' without excuse.' ' 

Science, which is the logic of nature, demands pro- 
portion between tbe house and its foundation. Theology 
sometimes builds weighty structures on a doubtful base. 
The tenet of Sabbath observance is an illustration. 
With regard to the time when the obligation to keep 
the Sabbath was imposed, and the reasons for its im- 
position, there are grave differences of opinion between 
learned and pious men. Some affirm that it was insti- 
tuted at the Creation in remerahrance of the rest of God. 
Others allege that it was imposed aftT the departure of 
the Israelites from Egypt, and in memory of that de- 
parture. The Bible countenances both interpretations. 
In Exodus we find the origin of the Sabbath described 
with unm.istakahle clearness, thus : ' For in six days the 
Lord made heaven and earth, the sea and all that iu them 
'Wherefore the Lord blessed the seventh day, and 



' X refer, of course, to those who object to the opening of tbe 
religians grontida. TbeadministTatiTedilEculifBlands 
a dilTerent fooling. But enreTy it onght to viuilah in presence of 
\ the beoefita to t«na of Choiuauda whicli in k11 piobabititj wuulil 
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hallowed it.* In Deuteronomy thU reason is supprened 
and another ia assigned, Israel being a servant in 
I^ypt, God, it is stated, brought them out of it with a 
mig^tj hand and by an outstretched aim. ' Therefore 
tbe Lord thy God commandeth thee to keep the 
Sabbath day.' Aft er repeating the Ten CommandmentB, 
and asrigiiing the foregoing origin to the Sabbath, the 
writer in Deuteronomy proceeds thus: 'These words 
the Lord spake unto all your as^mbly in the mount, 
out of the midi^t of the fire, of the cloud and the thick 
darkness, with a lond voice ; and be added no more.' 
Bnt in Exodiis God not only added more, but something 
entirely different. This has been a difBculty with 
eommentatois — ^not formidable, if the Bible be treated 
as any other ancient book, but extremely formidable on 
the theory of plenary inspiration. I remember in tbe 
days of my youth being shocked and perplexed by an 
admission made by Bishop Wat.son in his celebrated 
' Apol*«y for the Bible,' written in answer to Tom Paine. 
'You have,' says the bishop, 'disclosed a few weeds 
which good men would have covered up from view,' 
That there were 'weeds' in the Bible requiriug to be 
kept out of sight was to me, at that time, a new revela- 
tion. I take little pleasure in dwelling upon the errors 
and blemishes of a book rendered venerable to me by 
intrinsic wisdom and imperishable associations. But 
when that book is wrested to our detriment, when its 
passages are invoked to justijy tbe imposition of a yoke, 
irksome because unnatural, we are driven in self-defence 
to be critical. Li self-defence, therefore, we plead these 
two discordant accounts of the origin of the Sabbath, 
one of which makes it a purely Jewish institution, while 
the other, unless re^rded as a mere myth and figure, 
is in irreconcilable antagonism to the facts of geology. 
With r^;ard to the alleged 'proofs' that Sunday 
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was introduced as a substitute for Saturday, and tliat 
its observance is as binding upon Cbristiaus as their 
Sabbath was upon the Jews, I can only say that those 
• which I have seen are of the flimsiest and vaguest 
character. ' If,' says Milton, ' on the plea of a divine 
command, they impose upon us the observances of a 
particular day, how do they presume, without the 
authority of a diviue command, to substitute another 
day io its place ? ' Outside the bounds of theology no 
one would think of applying the term ' proofa ' to the 
evidence adduced for the change ; and yet on this 
pivot, it has been alleged, turns the eternal fate of 
human souls.^ Were such a doctrine not actual it 
would be incredible. It has been truly said that the 
man who accepts it sinks, in doing so, to the lowest 
depth of Atheism. It is perfectly reasonable for a 
religious community to set apart one day in seven for 
rest and devotion. Jlost of those who object to the 
Judaic observance of the Sabbath recognise not only 
the wisdom but the necessity of some such iustitution, 
not on the ground of a divine edict, but of common 
sense.* They contend, however, that it ought to be as 
far ax possible a day of cheerful renovation both of 



' In 1T85 tbe HrFt mail-coach Teachod EdinbtiTgh from London, 
and in 1768 it wa.s conlinned to Glasgow. Tbe innovBtion wae Ae- 
tiDnnced hy a mioistQr of tbe Seceaaion Church of Scotland as 
'contraiy to the laws both of Cbmch and Stale ; contrary to the 
laws of God; contrary to the moat caQCln5ive and constraining 
reasons assigned by God ; and caloulated not only to promote the 
hart and rain of tbe nation, hat also the eternal damnation of mnl' 
titades," — Cox, vol, ii. p. 248. Even in onr day there are clergymen 
foolish enough to indolge in this dosling out of damnation. 

' 'That public wotehip,' Bays Milton, 'is commended and in* 
enlcated as a volnntary dnty, even nndet the Q&=pel, I allow ; bat 
that it ia a matter of ooropalsory enactment, binding on believers 
from the anthonty of this commandment, or of any Sinaitica) 
precept whatever, I deny.' 
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body and spirit, and not a day of penal gloom. Thera 
is nothing that I should withstand more strenuous'ly_ 
than the conversion of the first day of the week into a 
common working day. Quite as strenuously, however, 
do I oppose its being employed as a day for the exercise 
of sacerdotal rigour. 

The early reformers emphatically asserted the free- 
dom of Christians from Sabhatical bonds ; indeed Puri- 
tan writers have reproached them with dimness of 
vision regarding the ohseivance of the Lord's Day. 
'The fourth Commandment,' says Luther, 'literally 
understood, does not apply to us Christians; for it is 
entirely outward, like other ordinances of the Old 
Testament, all of which are now left free by Christ. 
If a preacher,' he continues, ' wishes to force you back 
to Moses, ask him whether you were brought by Moses 
out of Egypt. If he says no, then say, How, then, 
does Mo8es concern me, since he sppaks to the people 
that have been brought out of Egypt ? In the New 
Testament Moses comes to an end, and his laws lose 
their force. He must bow in the presence of Christ.' 
' The Scripture,' says Melancbtbon, ' allows that we are 
not bound to keep the Sabbath ; for it teaches that the 
ceremonies of the law of Moses are not necessary after 
the revelation of the Gospel. And yet,' he adds, 
• because it was requisite to appoint a certain day that 
the people might know when to assemble together, it 
appeared that the Ctiurch appointed for this purpose 
the Lord's Day.' I am glad to find my grand old _ 
namesake on the side of freedom in this mattei\ ' As 
for the Sabbath,' says the martyr Tyndale, 'we are 
lords over it, and may yet change it into Monday, or 
into any other day, as we see need ; or may make every 
tenth day holy day, only if we see cause why. Neither 
need we any holy day at all if the people might be 
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taught without it.' Calvin repudiated *the frivolitiea 
of fake prophets who, in later times, have inBtilled 
Jewish ideas into the people. Those,' he continues, 
' who thus adhere to the Jewish institution go tliriee as 
far as the Jews themselves in the gross and oirnal 
superstition of SahhatiEm.' Even John Knni who 
has had so much Puritan strictness unjustly laid to hia 
charge, knew how to fullit on the Lord's Day the duties 
of a generous, hoRpitable host. Ills Master feasted on 
the Sabbiith day, and he did not fear to do the same on 
Sunday. 'There be two parts of the Sabbath day,' 
says Cranmer: 'one is the outward boaily rest from 
all manner of labour and work ; tins is mere cere- 
monial, and was taken away with other sacritices and 
ceremonies by Christ at the preaching of the gospel. 
The other part of the Sabbath day is the inward rest or 
ceasing from sin.' This higher symbolism, as regards 
the Sabbat]], is frequently employed by the Keformers. 
It is the natural recoil of the living spirit from the 
mechanical routine of a worn-out hierarchy. 

Towards the eud of tlie sixteenth century, demands 
for a stricter observance of the Sabbath began to be 
made — probably in the first instance with some reason, 
and certainly with good intent. The manners of the 
time were coarse, and Sunday was often chosen for their 
oifensive exhibition. But if there was coarseness on 
the one side, there was ignorance both of Nature and 
human nature on the other. Contemporaneously with 
the demands for stiicter Sabbath rules, God's judg- 
ments on Sabbath -breakers began to be pointed out. 
Then and afterwards ' God's Judgments ' were much in 
vogue, and man, their interpreter, frequently behaved 
as a fiend in the supposed execution of them. But of 
this subsequently. A Suffolk clergyman named Bownd, 
who, according to Cox, was the first to set forth at larga 
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the views afterwaida emtot^ied in the Westminatei 
Confession, adduces many such judgments. One was 
the case of a noblemim, ' who for hunting on the holy 
day was punished by Laving a child with a head like a 
doq^'a.' Though he cites this instance, Bownd, in the 
iQiitler of Sabbath observance, was very lenient towards 
noblemen. 'Concerning the feasts of noblemen and 
great personages or their ordinary diet upon this day 
(which in comparison may be called feasts), because 
they represent,' says the doctor, ' in some measure the 
majesty of God on the earth, in carrying the image as 
it were of the magnificence and pvussance of the Lord, 
much is to be granted to them.' 

Imagination once directed towards this question 
was sure to be prolific. Instances accordingly grew 
apace in number and magnitude. Memorable examples 
of God's judgments upon Sahbath- breakers, and other 
like libertines, in their unlawful sports happening 
within this realm of England, were collected. In- 
numerable cases of drowning while bathing on Sunday 
were adduced, without the slightest attention to the 
logical requirements of the question. Week-day drown- 
ings were not dwelt upon, and nobody knew or cared 
how the question of proportion stood between the two 
classes of bathers. The Civil War was regarded as a 
punishment for Sunday desecration. The fire of Lon- 
don, and a subsequent great 6re in Edinburgh, were 
ascribed to this cause ; while the fishermen of Berwick 
lost their trade through catching salmon on Sunday. 
Their profanation was thus nipped by a miracle in the 
bud, and they were brought to repentance. A Non- 
conformist minister named John Wella, whose huge 
volume is described by Cox as ^the most tedious of all 
the Puritan productions about the Sabbath,' is specially 
copious in illustration. A drunken pedlar, 'fraught 
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with eommoditiea ' on Sunday, drops into a river: 
God's retributive justice is seen in the fact. Wells 
tmvelled far in search of instaoceB. One Utrich Schr<E- 
tor, a Swiss, while playing at dice on the Lord's Day, 
lost heavily, and appai'cntly to gain the devil to hia 
side broke out into thi^ hori id blasphemy : ' If fortune 
deceive me now I will thrust my dagger in the hody of 
God.' Whereupon he threw the dagger upwards. It 
disappeared, and 6ve drops of blood, which afterwards 
proved indelible, feU upon the gaming table. The 
devil then appeared, and with a hideous noise carried 
off the vile blasphemer. Hia two companions fared no 
better. One was struck dead and turned into worms, 
the other was executed. A vintner who on the Lord's 
Day tempted the pasaers-by with a pot of wine was 
carried into the air by a whirlwind and never seen more. 
'Let us read and tremlile,' adds Mr. Wells. At Tid- 
worth a man broke his leg on Sunday while playing at 
football. By a secret judgment of the Lord the wound 
turned into a gangrene, and in pain and terror the 
crimioal gave up the ghost. 

You may smile at these recitals, but is there not a 
survival of John Wells still extant among you ? Are 
theie not people in your midst so well informed as to 
'the secret judgments of the Lord ' as to be able to tell 
you their exact value and import, from the damaging 
of the share market through the running of Sunday 
trains to the calamitous overthrow of a railway bridge ? 
Alphonso of Castile boasted that if he had been con- 
sulted at the beginning of things he could have saved 
the Creator some worlds of trouble. It would not be 
difEcult to give the God c^ our more rigid Sabbatariana 
a lesson in justice and mercy; for hia alleged judg- 
ments savour but little of either. How are calamities 
to be classified? Almost within earshot of those who 
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note these Sunday judgmentB, the poor minerB of Blan- 
tyre are blown to pieces, while engaged in their sinless 
week-day toil. A little further oS the hodies of two 
hundred and sixty workers, equally innocent of Sabbath- 
breaking, are entombed at Abercarne. Dinas holds its 
aixty bodies, while the present year has furnished a 
fearful tale of similar disasters. Whence comes the 
vision which differentiates the Sunday calamity from 
the weak -day calamity, seeing in the one a judgment 
of heaven, and in the other a natural event ? We may 
wink at the ignorance of John Wells, for iie lived in a 
prescientific age ; but it ia not pleasant to see hia 
features reproduced, on however small a scale, before 
an educated nation in the latter half of the nineteenth 
century. 

Notwithstanding their strictness about the Sabbath, 
which possibly carried with it the usual excess of a re- 
action, some of the straitest of the Puritan sect saw 
clearly that unremitting attention to business, whether 
religious or secular, was unhealthy. These considered 
recreation to be as necessary to health as daily food ; 
and hence exhorted parents and masters, if they would 
avoid the desecration of the Sabbath, to allow to chil- 
dren and servants time for honest recreation on other 
days. They might have done well to inquire whether 
even Sunday devotions might not, without 'moral cul- 
patility ' on their part, lieep the minds of children and 
servants too long upon the stretch. I fear many of the 
goodmen who insisted, and insist, on a Judaic observance 
of the Sabbath, and who dwell upon tJie peace and 
blessedness to be derived from a proper use of tlie 
Lord's Day, generalise heyoq^ their data, applying the 
experience of the individual to the case of mankind. 
What is a conscious joy and blessing to themselves they 
eannot dream of as being a possible misery, or even a 
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CUTBe, to others. It ia right that your moat spiritaally- 
minded men — men who, to use a devotional phrase, en- 
Joy the closest walk with God — should be your pastors. 
But they ought also to he practical men, able to look 
not only on their personal feelings, hut on t!ie capacities 
of humanity at large, and willing to make their rules 
and teachings square with these capacities. There is 
in Eome minds a natural bias towards religion, as there 
is in others towards poetry, art, or mathematics ; but 
the poet, artist, or mathematician who would seek to 
impose upon others, not possessing his tastes, the studies 
which give him delight, would bo deemed an intolerable 
despot. The philosopher Fichte ^'aa wont to contrast 
his mode of rising into the atmosphere of faith with the 
experience of others. In his case the process, he said, 
was purely intellectual. Throtigli reason he reached 
religion ; while in the case of many whom he knew this 
process was both luinecessary and unused, the bias of 
their minds sufficing to render faith, without logic, clear 
and strong. In making rules for the Community these 
natural differences must be taken into account. The 
yoke which is easy to the few may be intoierable to the 
many, not only defeating its own immediate purpose, 
but frequently introducing recklessness or hypocrisy 
into minds which a franker and more liberal treatment 
■would have kept free from both.' 

The moods of the times — the ' climates of opinion,* 

' 'When onr Parilan friends,' says Sir. Frederiak Robertson, 
'lalk of the ble°dn^ of the Sabbat !i. we may ask them to remem- 
ber Bome of its curses.' Otbor and more surious evild than thoEe 
reooQutedby Mr. Hobertson ni«y, I fear, be traced to the eyslem of 
Sabbatli obsGivamcc puistied in^aay of our schools. At the risk 
of shocking Bome worthy perEOns, I would aay that the inveDtion of 
Bii inTigoratiDg game for fiue 8 anda; afternoons, and besllhy indoor 
anmsement for wet Ones, wonid prove inlinitely more effectual aa an 
■ aid to moral pudty than moat of our plans of religlooi meditation. 
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as Glanvil calls them — have also to be consiilereJ in 
imposing disciplines wliicli affect tlie public. For tba 
ages, like the individual, have their periods of mirth 
and earnestness, of cheerfulness and gloom. From this 
point of view a better case might be made out for the 
earlj' Sabbatarians than for their siuvivala at the pre- 
sent day. They were more in accord with the needs 
and spirit of their age. Sunday sports were barbarous; 
bull- and bear-baiting, interludes, and bowling were 
reckoned amongst them, and the more earnest spirits 
longed not only to promote edification but to curb ex- 
cess. Sabbatarianism, therefore, though opposed, made 
rapid progress. Its opponents were not always wise. 
They did what religious parties, when in power, always 
do — exercised that power tyrannically. They invoked 
the arm of the flesh to suppress or change conviction. 
In 1618 James I. published a declaration, known after- 
wards as ' The Book of Sports,' because it had reference 
to Sunday recreations. It seems to have been, in itself, 
a reasonable book. Pui-itan magistrates had interfered 
with the innocent amusements of the people, and the 
king wished to insure their being permitted, after divine 
service, to those who desired them; but not enjoined 
upon those who did not. Coarser sports, and sports 
tending to immorality, were prohibited. Charles I. 
renewed the declaration of bis father. Not content, 
however, with expiessing his royal pleasure — not con- 
tent with restraining the arbitrary civil maLjistrate — the 
king decreed that the declaration should be published 
'through all the parish churches,' the bishops in their 
respective dioceses being made the vehicles of the royal 
command. Defensible in ^self, the declaration thiia 
became an instrument of oppression. The High Church 
party, headed by Archbishop Laud, forced the reading 
of the documents on men whose consciences recoiled - 
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from the act. *TIie precise clergy, as Haliam calls 
fibem, refused in general to comply, and were suspended 
or deprived in consequence. 'But,' adds Hallam, 
' mankind loves sport as little as prayer by compulsion ; 
and llie immediate effect of the king's declaration was 
to produce a far more scrupulous abstinence from diver- 
sions on Sundays than had been practised before.' 

The Puritans, when they came into power, followed 
the evil example of their predecessors. They, the 
champions of religious freedom, showed that they could, 
in their turn, deprive their ant agonists of their benefices, 
fine tbem, burn their books by the common hangman, 
and compel them to read from the pulpit things of 
which they disapproved. On this point Bishop Heber 
makes some excellent remarks. 'Much,' he says, 'as 
each religious party in its turn had suffered from perse- 
cution, and loudly and bitterly as each had, in its own 
particular instance, complained of the severities exer- 
cised against its members, no party h id yet been found 
to.perceive the great wickedness of pertiecution in the 
abstract, or the moral unfitness of temporal punisliment 
as an engine of religious controversy,' In a very dif- 
ferent strain writes the Dr. Bownd who has been already 
referred to as a precursor of Puritanism. He is so sure 
of hia ' doxy ' that he will unflinchingly make others 
bow to it. ' It beboveth,' he says, ' all kings, princes, 
and rolers, that profess the true religion to enact such 
laws and to see them diligently executed, whereby the 
honour of God in hallowing these days might be main- 
tained. And, indeed, this is the cbiei'est end of all 
government, that men might not profeas what religion 
they list, and serve God after what manner it pleaseth 
them best, but that the ^arts of God's true worsliip 
[Bowndean worship] might be set up everywhere, and 
all men compelled to stoop imto it.' 
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There ia, it must be admitted, a ead logical 0(m- 

Eistency in the mode of action deprecated by Biahop 
Heber. As long as men hold that there is a hell to be 
shunned, they seem logically warranted in treating 
lightly the claims of religious liberty upon earth. They 
dare not tolerate a freedom whose eud they believe to 
be eternal perdition. Cruel they may be for the mo- 
ment, but a passing pang vanishes when compared with 
an eternity of pain. Unreligious men might call it 
hallucination, but if I accept undoubtingly the doctrine 
of eternal punishment, then, whatever society may think 
of my act, I am aelf-juslified not only in ' letting ' but 
in destroying that which I hold dearest, if I believe it 
to be thereby stopped in its progress to the fires- of hell. 
Hence, granting the assumptions common to both, the 
persecution of Puritans by High Churchmen, and of 
High Churchmen by Puritans, was not without a basi3 
in reason. I do not think the question can be decided 
oQ a pi-iori grounds, as Bishop Heber seemed to sup- 
pose. It is not the abstract wickedness of persecution 
so much as our experience of its results that causes na 
to set our faces against it. It has been tried, and found 
the most gliastly of failures. This experimental fact; 
overwhelms the plausibilities of logic, and renders per- 
secution, save in its meaner and stealthier aspects, in 
our day impossible. 

The combat over Sunday continued, the Sabbatarians 
continually gaining ground. In 1643 the divines who 
drew up the famous document known as the Westminster 
Confession began their sittings in Henry VII. 's Chapel. 
Milton thought lightly of these divines, who, he said, 
were sometimes chosen by the whim of members of 
Parliament; but the famous Puritan, Baxter, extolled 
them for their learning, godliness, and ministerial 
abilities. A journal of their earlier proceedings was 
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keptbjLightfoot, one of their memhera, On November 
13, 1644, he records the occurrence of 'a large debate' 
on the aanctification of the Lord's Day. After fixing 
the introductory phraseology, the aHsembly proceeded to 
consider the second proposition : ' To abstain from all 
unnecessary labours, worldly sports, and recreations.' It 
was debated whether ' worldly thoughts' should not be 
added. ' This was scrupulous,' says the naive journalist, 
' whether we should not be a acorn to go about to bind 
men's thoughts, but at last it was concluded upon to he 
added, both for the more piety and for the Fourth 
Commandment.' The question of Sunday cookery was 
then discussed and settled ; and, as regards public 
worship, it was decreed ' that all the people meet so 
timely that the whole congregation be present at the 
bpginuing, and not depart until after the blessing. 
That what time is vacant between or after the solemn 
meetings of the congregation be spent in reading, medi- 
tation, repetition of eermons,' &c. These holy men 
werefnllof that strength already referred to as imparted 
by faith. They needed no natural joy to brighten their 
lives, mirth being displaced by religious exaltation. 
They erred, however, in making themselves a measure 
for the world at large, and insured the overthrow of 
their cause by drawing too heavily upon average human 
nature. 'This much,' says Hallam, 'is certain, that 
when the Puritan party employed their authority in 
proscribing all diversions, and enforcing all the Jewish 
rigour about the Sabbath, theyrendered their own yoke 
intolerable to the young and gay ; nor did any other 
eaiise, perhaps, so materially contribute to bring about 
the Restoration.' 

From the records of the Town Council of Edinburgh, 
Mr. Cox makes certain extracts which amusingly illua- 
trate both the character of Sabbath discipline and the 
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difficulty of enforcing it. In 1 560 it was, among other 
things, decreed that on Sundays ' all persona be astricted 
to be present at the ordinary sermons, as well after noon 
as before noon, and that from the last jow of the hell 
to the said sermona to the final end.' In 1581 the 
Council ordained that ' proclamation be made through 
this burgh, discharging all kinds of games and playa 
now commonly used the said day, such as bowling in 
yards, dancing, playing, runoing through the high 
street of hussies, bairns, and bojs, with ail manner of 
dissolution of behaviour.' The people obeyed and went 
to church, but it seems they chose their own preachers. 
This galavanting among the kiika was, however, quickly 
put an end to; for in 1584 it was ordained ' that all 
freemen and freemen's wives in times coming be found 
in their own parish kirk every Sunday, as also at the 
time of the Communions, under the pain of payment of 
an unlaw for every person being found absent.' In 1586 
the Council ' finds it expedient that a bailie ilk Sunday 
his week about, visit the street taverns and other com- 
mon places in time of sermon, and pones all olfendera 
according to the town statutes.' VHging (strolling) in 
the High Gate was also forbidden. 

These restrictions, applying at first to the time of 
divine service only, were afterwards extended to the 
entire Sunday; but sabbath profanation resembled hy- 
draulic pressure, and broke forth whenever it found a 
wp^k point in the municipal dam. The repairing and 
strengthening of the dam were incessant. Proclamation 
followed proclamation,forbidding the practice of buying 
and selling, the opening of eating- and coffee-houseB, 
and prohibiting such sports as golf, archery, row 
penny-stone, and kaitch-pullis. The gates of the city 
were ordered to be closed on Saturday night and not to 
be opened before foiu: o'clock on Monday morni 
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the time these edicts wsre publiehed the Provost com- 
plained of the little obedience hitherto given to the 
manifold acts of council for keeping the Sabbath. A 
decree on January 14, 1659, runs thus : — 

' Whereas many both young and old persons walk, 
or sit and play on the Castle hill, and upon the streets 
and otiier places on the Sabbath day after eerinons, so 
that it la manifest that family worsbip is neglected by 
such, the Council appoint that there be several pairs of 
stocks provided to stand in several public places of the 
city, that whosoever is needlessly walking or sitting 
idly in the streets shall either pay eigh teen-pence ster- 
ling penalty or be put in the stocks.' 

The parents of children found playing are fined 6rf. 
a bead. 'And if any children be found on the Castle 
hill after supper to pay IBd. penalty or to be put in 
the stocks.' Even this drastic treatment did not cure 
the evil, for thirty years later the edict against 
' vaging ' on the Castle hill had to be renewed. At 
the same time it was ordered that the public wells be 
closed on Sunday from 8 a.m. till noon; then to open 
till 1 F.M., and afterwards from 5 p.m. None to bring 
any greater vessels to the wells for the carrying of 
water than a pint stoup or a pint bottle on the Lord's 
Day. Our present sanitary notions were evidently not 
prevalent in Edinburgh in IfiSS. Mr. Cox remarks 
that ' these ordinances were usually enacted at the in- 
stance of the clergy.' It wotdd have been well bad 
the evils which the clergy inflicted on the world at the 
time here referied to been limited to the stern manipu- 
lation of Sabbath laws.' 



I la Massac) Lusetts it was nl tempted to imilce Sn^ihath- breaking 
BiCapitaloffenoe, but Governor Wicthropliud the humanitj and good 
sense to erase it from the list of act« punialiable with death. Xa 
the laws of tlie ooloiiy of Kew Plymouth, presuiuptuuua Sabbath* 
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entertained regarding the shape and magnttade of the 
earth itself. Theologians were horrified when first 
informed that our planet was a sphere. The question 
of aDti|)odea exercised them for a long time, most cf 
them pourJDg ridicule on the idea that men could eriat 
with their feet turned towards us, and with their heads 
pointing downwards, I think it was Sir George Airy 
who referred to the case of an over-curious individual, 
asking what we should see if we went to the edge of 
the world and looked over. That the earth was a Bafe 
surface on which the sky rested was the helief enter- 
tained by the founders of all otir great religious 
systems. The growth of the Copernican theory 
public favour filled even liheral Protestant theolo^niu, 
with apprehension. They stigmatised itasbeing'buill 
an fallible phenomena and advanced bv many arbitrary'' 
aasnmptiona against evident testimonies of Scripture- 
Newton finally placed his intellectual crowbar beneath 
the.se ancient notions, and heaved them into irretrieT- 
able ruin. 

Then it was that penetrating minds among the 
theologians, seeing the nature of the change wrought 
by the new astronomy in our conceptions of the uni- 
verse, also discerned the difficulty, if not the impossi- 
bility, of accepting literally the Mosaic account of 
creation. With characteristic tenacity they clung to 
that account, but they assifjned to it a meaning entirely 
new. Dr. Samuel Clarke, who was the personal friend 
of Newton and a supporter of his theory, threw out the 
idea that 'po3?iblv the six days of creation might be 
a typical representation of some greater periods.' 
Clarke's contemporary, Dr. Thomas Burnet, wrote with 
greater decision in the same straio. The Sabbath being 
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regarded as a shadow or type of that heavenly repose 

which the righteous will enjoy when this world haa 
passed away, ' so these six days of creation are bo many 
periods oi millenniums for which the world and the 
toils and labours of our present state are destined to 
endure.' ' The Mosaic account was thus reduced to a 
poetic myth — a view which afterwards found expression 
in the vast reveries of Hugh Miller. But if this sym- 
bolic interpretation, which is now generally accepted, 
be the true one, what becomes of the Sabbath day ? 
It is absolutely without ecclesiastical meaning. The 
man who was executed for gathering sticks on that day 
must therefore be regarded as the victim of a rude 
legal rendering of a religious epic. 

There were many minor offshoots of discussion 
from the great central controversy. Bishop Horsley had 
defined a day 'as consisting of one evening and one 
morDing, or, as the Hebrew words literally import, of 
the decay of light and the return of it.' But what 
then, it was asked, becomes of the Sabbath in the 
Arctic regions, where ligiit takes six months to ' decay,' 
and as long to ' return ' ? Differences of longitude, 
moreover, render the observance of the Sabbath at the 
same hours impossible. To some people such ques- 
tions might appear trifling; to others they were of the 
gravest import. Whether the Sabbath should stretch 
from sunset to sunset, or from midnight to midnight, 
was also a subject of discussion. ' If it should begin at 
midnight,' says one writer, ' what man of a thousand 
can readily tell the certain time when it begins, that 
BO they may in a holy manner begin the Sabbath with 
God? All men have not the midnight clocks and bells 
to awaken them, nor cail the crowing of cocks herein 
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pve a certain sound. A pix^r Christian man had need 
to Ih» a ;J^Hxl and wutohtul mathematician that holds 
this v^piuion, \>r else I see lu^t how he will know when 
midiiici^t id cv^me.' In loV^O the Presbvtervof Glasgow 
enjoiiuni that the Sabbath shv^uld he * fix>m sun to sun.' 
Ill lo40 the &ibl^th wr;^* vUvliievi to extend from mid- 
nichr to miduicht* Uuoertaiutv reiOTev^U and innocent 
p^HH^e tron* prv^^vucevi tvT Kiriuuiiig to wock imme- 
dui:<*lr atter sunset* Alr\\uh\ prior to the date last 
meunoacxi, voio^ wvc^ h^\\al retitsxrtc to aoknowfed:je 
the p<^^p^:^cr ot the oha:*^ trvKii SaTurvi^v to Sondav, 
ativi the dv ccrire ot $ev<: :;:':; 1>at x l>iserT;k::vV was a^er- 
w^rsis rc=^cr<^^':::<\l Vv a Si;v:** IrK* cv*rth*s <i>heneitv 

ft. ^ ^ 

>:#;;.•: K>>f.T "ij.r^c :>.^.t. if ^-r s:*xxi >://„ V.-c f-v^-rv Kv 
/»■? "^•i^^^i «."'jf trfiw-.^t^.i 1a :hr \\rs<»f^ ;^f- ><j;r: ^■■.il be 

^•r«*.Tr. ."-'.7. 7c^-ft-«T> BS' \h( f«M 11 >.}<>. *»; j.l.i> ?*<vm.. j) n> j».ynpr. ,.hf on«»- 
■ .';r. A. '.*VJ> ■ • £»r«r. n,->^ )oi int iiroiv»uiv. uv.t^ y^r, -^'i^n^v ;)»csrrwo 

/»T u f . :' ■"« rif', > r.o"nR ! »♦ m ! i i . xm o I n 1 il » iw «>- i l^r V\ m i ;';)■. v*^-! \n » iuh r» r] inon i . 
7''u;. ■ ■. "he orborsi«l(» i: vim; k-oop tiM SH)0\>»t)'. T^h> . ih^Mjeh yon 
T''»hii- 'b' "i-orr.V 4^H\. y<»»- »♦■•« <mii <>: u\. yuv.-s.htM R.n<-i <1nntrPl', foT 
w -fti. r'»nsL^r«"S> Hf lii^ mi nIi. >iii»^ m>i)h4«^ v^4um>»; ^^<\\ his HTWttloe 
ii\L. i'-ir U;t."c u\i\ \u^ f«»J' ik* 
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twentj-four times 15", or 360°, that is to say, tli« 
entire circle of tbe earth, the sun will be exactly a day 
behind. Here, then, is tbe expedient sugirested by 
Dr. Wallia, F.R.S., Savilian Profts^sur of Geometry in 
the University of Osford, to quiet the mindit of thosa 
in doubt rej^jardinj^ Saturday observance. He recom- 
mends them to make a voyage round tlie world, as Sir 
FranuiH Drake did, ' going out of the Atlantic Ocean 
westward by the Straits of Magellan to the East Indies, 
and then from the east returning by the Cape of Good 
Hope homeward, and let them keep tbeir Saturday- 
Sabbath all the way. When they corae home to Eng- 
land they will find their Saturday to fall upon our 
Sunday, and they may thenceforth continue to observe 
their Saturday-Sabbath on the same day with us I ' 

Large and liberal minds were drawn into this Sah- 
bataiian conflict, but tbey were not the majority. 
Between the booming of the bigger guns we have an 
incessant clatter of amall arms. We ought not to 
judge superior men without reference to the spirit of 
their age. This is an influence from which they cannot 
escape, and so far as it extenuates their errors it ought 
to be pleaded in tbeir favour. Even the atrocities of 
the individual excite less abhorrence when they are 
seen to be the outgrowth of his time. But the most 
fatal error that could be committed by the leaders of 
religious thought is tbe attempt to force into their own 
age conceptions which have lived their life, and come 
to their natural end in preceding ages. History is tbe 
record of a vast experimental investigation — of a search 
by man after the best conditions of eiiatence. The 
Puritan attempt was a grand experiment, It had to be 
made. Sooner or later tbe question must hiive forced 
itself upon earnest believers possessed of power:— 
it not possible to rule the world in accordance with 
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the wishea of God as revealed in tlie Bible? — Ib it not 
possible to make human life the copy of a divine 
pattern ? The question could only have cwcurred in 
the first instance to the more exalted minda. But in- 
stead of working upon the inner forces and convictions 
of men, legislation presented itself as a speedier way to 
the attainment of the desired end. To legislation, 
therefore, the Puritans resorted. Instead of guiding, 
they repressed, and thus pitted themselves against the 
nncoDquerable impulses of human nature. Believing 
that nature to be depraved, Ibey felt themselves logi- 
cally warranted in putting it in irons. But tbey failed; 
and their failure ought to be a warning to their euc- 
cesEors. 

Another error, of a far graver character than that 
just noticed, may receive a passing mention here. At 
the time when the Sabbatb controversy was hottest, 
and the arm of the law enforcing the claims of the 
Sabbath strongest and most unsparing, another subjer.t 
profoundly stirred the religious mind of Scotland, A 
grave and serious natioo, believing intensely in its 
Bible, found therein recorded the edicts of the Al- 
mighty against witches, wizards, and familiar spirits, 
and were taught by their clergy that buoIi edicts still 
held good. The same belief had overspread the rest of 
Cbristendora, bnt in Scotland it was intensified by tha 
rule of Puritanism and the natural earnestness of the 
people. I have given yon a sample of the devilish 
croclties practised in the time of Polycarp on the 
Christians at Smyrna. These tortures were far lesB 
shocking than those inflicted upon witches in Scotland. 
I aay lei^s shocking because the victims at Smyrna 
courted martyrdom. They counted the sufferings ol 
this present time as not woithy to be compared with 
the glory to be revealed ; while the sufferers for witch* 
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erafl. In the midst of all their agonies, felt themselves 
God-forsaken, and Baw before tlicm instead of the 
glories of heaven the infinite tortures of helL Not to 
the fall of Surmatia, but to the treatment of witches in 
the seventeenth century, ought to be applied the words 
of your poet Campbell : — 

Oh I bloodiest pictuie In the book of time t 

The mind sits in sackcloth and ashes while contem- 
plating the scenes so powerfully (iescril)ed by Mr. Lecky 
in his chapter on Magic and Witchcraft. But I will 
dwell no further upon these tragedies than to point ou6 
how terrible are the errors which our clergy may com- 
mit after they have once snUicrihed to the creed and 
laws of Judaism, and constituted themselves the legal 
exponents and interpreters of those laws.' 

Turning over the leaves of the Pentateuch, where 
God'a alleged dealings with the Israelites are recorded, 
it strikes one with amazement that such writings should 
he considered for a moment as binding upon us. The 
overmastering strength of habit, the power of early 
education— possibly a defiance of the claims of reason 
involved in the very constitution of the mental organ — ■ 
are forcibly ilKistrated by the fact that learned men are 
still to be found willing to devote their time and en- 
dowments to these writings under the assumption that 
they are not human but divine. Claiming the same 
origin as other books, the Old Testament is without a 
rival, but its unnatural exaltation as a court of appeal 
provokes recoil and rejection. Leviticus, for example, 
when read in the light of its own age, is full of interest 



' Tha HDfferliifn of Tepiit(>d wttclies In the seventeenth centni; 
•a well as thORe of tha early Christians, might be traced, to panic* 
am! passions similar in bind to tbo^i whiuti produced the Btnxiities 
at the Reign of Terror in Frsiaoe. 
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and instruction. We see there described the efforts ol ^ 
the best men then existing to civilise the rude society 
around them. Violence is reatrained by violence medi- 
cinally applied. Passion ia checked, truth and justice | 
are extolled, and all in a manner suited to the needs of ' 
a barbarian host. But read in the light of our age, 
ite conceptions of the deity are i<een to be shockingly 
mean, and many of its ordinancea brutal. Foolishness 
is far too weak a word to apply to any attempt ia force 
upon a scientific age the edicts of a Jewish lawgiver. 
The doom of such an attempt ia sure, and if the de- 
struction of things really precious should be involved 
in its failure, the blame will justly be ascribed to those . 
who obstinately persisted in the attempt. Let us then 
cherish our Sunday as an inheritance derived from the J 
wisdom of the past, but let it l)e understood that we 1 
cherish it because it is in principle reasonable and id 1 
practice salutary. Let us uphold it, because it com- I 
mends itself to that ' light of natm*e ' which, despite T 
the catastrophe in Eden, the most famous theologians | 
mention with respect, and not because it is enjoined by j 
the thunders of Sinai. We have surely heard enoi 
of divine sanctions founded upon myths which, however 1 
beautiful and touching when regarded from the propel | 
point of view, are seen, when cited for our guidance a 
matters of fact, to offer warrant and condonation for ■ 
the greatest crimes, or to sink to the level of the most ( 
' e absurditipji.' 



' Melanchtlion wriLee finely thas; 'Wherefore onr decision ii 
this r that those precepts which learned meo hava commil.tcd ti 
tvritint;, tr^Dscribing iheui from the commoo reaaon aod comiaoi 
feelings of human natnie are to be acconnted as no less divine thun I 
those contained in Ihe tabiea of Moses,' (Duyald Stewart's tcanaia- 
tion.) Hengatenberg quotes (rnm the aame reformer as follows J 
' The law of Moses ia not binding npon aa, though some things 
which the la.* contains are binding, because they coincide with the 



J 



THE SABBATH. 



37 



In this, as in all other theological discussions, it is 
interesting to note how character colours religious feel- 
ing and conduct. The reception into Christ's kingdom 
has been empbaticnlly described as being born again. 
A certain likeness of ieatiire among Christiana ought, 
one would think, to result from a common spiritual 
parentage. But the likeness ia not observed. Men 
professing to be born of the same spirit, prove to be aa 
diverae as thost^ who claim no such origin, Chriatiau 
communities embrace some of the loftiest and many of 
the lowest of mankind. It may be urged that the lofty 
ones only are truly religious. To this it is to be re- 
plied tliat the others are often as religious aa their 
natures permit them to he. Character is here tlie 
overmastering force. That religion should influence 
life in a high way implies the pre-existence of natural 
dignity. This is the mordant which fixes the religious 
dye. He who is capable of feeling the finer glow of 
religion would possess a substratum available for all the 
relations of Hfe, even if his religion were taken away. 
Religion, on the other hand, cannot charm away malice, 
or make good defects of character. I have already 
spoken of persecution in its meaner forms. On the 
lower levels of theological warfare such are commonly 
resorted to. If you reject a dogma on intellectual 
grounds it is because there is a screw loose in your 
morality. Some personal sin besets and blinds you. 
The intellect is captive to a corrupt heart. Thus good 
men have been olten calurriniated by others who were 
not good; thus frequently have the noble become a 
target for the wicked and the mean. With (he advance 



law of nalure.'— See Cox, vol i, p. 339. The Cjitcchism of the 
Council of Trent expresBcs a similar liew, There are, tlien, " data 
of etbioB ' over and above the revealed oocs. 
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o( public intelligence tbe day of such assailanu 

happily drawing to a close. 

These reflections, which connect themselves with 
reminiscences outside the SabVpath controversy, have 
been more immediately prompted by the aspersions 
cast by certain Sabbatarians upon those who differ from 
them. Mr. Cox notices and reproves some of tfiese- 
According to the Scottish Sabbath Alliance, for ex- 
ample, all who say that the Sabbath was an excluaively 
Jewish institution, including, be it noted, such men as 
Jeremy Taylor and Milton, 'clearly prove either their 
diehonflsty or ignorance, or inability to comprehend a 
very plain and simple stibject.' This becomes real 
humour when we compare the speahers with the per- 
sons spoken of, A distinguished Engliiih dissenter, who 
deals in a lustrous but rather cloiidj logic, declares 
that whoever asks demonstration of the divine appoint- ' 
ment of the Ciiristian Sabbath ' is blinded by a moral 
cause to those exquisite pencillings, to those unob- 
iruded vestiges which furnish their clearest testimony 
to this Institute.' A third writer charitably profepses 
his readiness 'to admi*^^, in reference to this and many 
other duties, that it is quite a possible thing for a mind 
that is desirous of evading the evide/ice regarding it to 
succeed in doing so.' A fourth luminary, whose know- 
ledge obviously extends to the mind and methods of the 
Almighty, exclaims, 'Is it not a principle of God's 
Word in many cases to give enough and no more — to 
satisfy the devout, not to overpower the uncandid?' 
It is, of course, as easy as it is immoral to argue thuHj 
but the day is fast approaching when the most atra- 
bilious presbyter will not venture to use such language. 
Let us contrast with it the ntteiance of a naturally 
Bweet and wholesome mind. ' Since all Jewish festivals, 
new moons, and Sabbaths,' says the celebrated Dr. Isaao 
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Watts, ' are abolished by St. Paul's autbority, mnce the 
religious observation of days in the l4th chapter to the 
Romans in general is represented as a matter of doubt- 
ful disputation, since the observation of the Lord's Day 
is not built upon aoy express or plain institution by 
Christ or his apoaties in the New Testament, but rather 
on examples and probable inferences, and on the reasons 
and relations of things; I can never pronounce anything 
hard or severe upon any fellow Christian who maintains 
real piety in heart and life, though his opinion on thii 
subject may be very ditferent from mine.' Thus 
through the theologian radiates the gentleman. 

Up to the end of the eighteenth century the cata- 
logue of Mr. Cox embraces 320 volumes and publica- 
tions. It is a mouTiment of patient labour ; while the 
remarks of the writer, which are distributed throughout 
the catalogue, illustrate both his intellectual penetration 
and his reverent cast of mind. He wrought hard and 
worthily with a pure and noble aim. I had the 
pleasure of meeting Mr. Cox at Dundee in 18ti7, when 
the British Association met there, and I could then 
discern the earnestness with which he desired to see his 
countrymen relieved from the Sabbath incubns, and at 
the same time the moderation and care for the feelings 
of others with which he advocated his views. He has 
also given us a rapid 'Sketch of the Chief Controversies 
about the Sabbath in ^he Nineteenth Century.' The 
sketch is more compressed than the catalogue, and the 
cbungea of thought in passing from author to author, 
being more rapid, are more liewildering. It is, to a 
great extent, what I have already called a clalter of 
small arms mingled with the occasional thunder of 
guns. One thing is noticeable and regrettable 
in these discussions, namely, the unwise and undia- 
criminating way in which different Sunday occupations 
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ftro classed together and condemned. Bishop Bloom- 
field, for example, seriously iujures his case when he 
pliieea drinking in gin-ahops and sailing in steamboata 
in the same category. I remember some years ago 
standing by the TliameB at Putney with my lamented 
friend Dr. Bence Jones, when & steamboat on tbe river 
with its living freight passed ua. Practically acquainted 
with the moral and physical influence of pure oxygen, 
my friend exclaimed, ' What a blessing for these people 
to be able thus to escape from London into the fresh 
air of the country I ' I hold the phyaician to have been 
right and, with all respect, the Biahop to have been 
wrong. 

Bishop Bloomfield also condemns resorting to tea- 
gardens on Sunday. But we may be sure that it is not 
the tea-gardens, but the minds which the people bring 
to them, which produce disorder. These minds already 
possess the cultiu^e of the city, to which the Bishop 
aeems disposed to confine them. Wisely and soberly 
conducted — and it is perfectly possible to conduct tbem 
wisely and soberly — such gardens might be converted 
into aids towards a life which the Bishop would com- 
mend. Purification and improvement are often possible, 
where extinction is neither possible nor desirable. I - 
have spent many a Sunday afternoon in the tea-gardena 
of the little university town of Marburg, in the company 
of intellectual men and cidtivated women, without 
observing a single occurrence which, as regards morality, 
might not be permitted in the Bishop's drawing-room. 
1 will add to this another observation made at Dresden 
on a Sunday, immediately after the suppression of the 
insurrection by the Prussian soldiery in 1849. The 
victorious troops were encamped in some meadows on 
the banks uf the Elbe, and I went among them and saw 
bow they occupied themselves. Some were engaged in 
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pTiysical gamea and exercises which in England would 

be considered innocent in the extreme, some were con- 
versing sociably, some singing the songs of Uhland, 
while others, from elevated platforms, recited to listening 
groups poems and piisBages fiom Goethe and Schiller. 
Through this crowd of military men passed and repassed 
the girls of the city, linked together with their arms 
round each other's uecljs. During hours of observation, 
I heard no word which waa unfit for a modest ear ; while 
from beginiiing to end I failed to notice a single case 
of intoxication.' 

It may appear uncivil and inappropriate for a person 
invited to come amongst you as I have been to seek to 
establish contrasts with other countries unfavourable to 
your own ; but let me taiie an extract from an account 
of Scotland written by a Scot, a short time prior to the 
date of ray visit to Dresden. 'A tree,' says this writer, 
* is best known by its fruits. What are these in the 
present instance ? The protracted effort to enforce a 
stem Sabbatical observance per fas et nfifas has no 
doubt evoked an exceedingly decorous state of affairs 
on Sunday ; but in a great measure only so far as 
external appearances are concerned. Puritanism with 
its uncompromising demands hus had a away of three 
centuries in Scotland ; and yet at this moment, in pro- 
portion to the population, the amount of crime, vice, and 
intemperance ia as great, if not in some details greater, 
than it is in England. But the most friglitful feature 
of Scotland is tlie loathsome squalor and heathenism of 
its large towns. The combination of brutal iniquity, 
filth, absence of self-respect, and intemperance visible 

' The late Mr, Joseph Kay, as Travelling Bachelor of the Cniver- 
Bitj of Gttoibridge, haa home efcrocg and earnest testimony to tba 
' humaniBing and cirilisiog inEucnce ' of the Ruuday 
the OeimaD people. 
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daily in the meaner class of Btreets of Edinburgli and 
Glasgow filla every I livelier with eurpriae and horror.' 
Here indeed we touch the core of the whole matter 
— the appeal to espcrience. Sabbatical rigour has been 
tried, and the question is ! Have its results been so 
beneficent — bo conducive to good morals and national 
hiippiness — as to render criminal everyatterapt to modify 
itP The advances made in all kinds of knowledga in 
this our age by special cultivators are known to be 
enormous, and the public desire for instruction, which | 
the intellectual triumphs of the time naturally and 
inevitably arouse, is commensurate with the growth of 
knowledge. Muet this desire, which is the motive , 
power of all real and healthy progress, be quenched or 
left unsatisfied lest Sundiiy observances, unknown t».J 
the ^arly Christians, repudiated by the heroes of the I 
reformation, and insisted upon for the first time during I 
a period of national gloom and sufl'ering in the seven- 
teenth century, should be interfered with ? To justity 1 
this portion the demonstration of the success of Sabb*- I 
tarianism must be complete. Is it soF Are we so 
much better than other nations who have neglected to 
ndopt our rules, that we con point to the working of 
these rule« in the past as a conclusive reason for main- 
taining them immovable in the future? The answer 
must be. No! Within the range of my recollection no 
tiertnau man wwild have ventured to assert of Berlin 
or DreiKilen that its brutal iniquity, filth, and intemper- 
ance tilled every traveller with surprise and honor. 
The statement would have been immediately tvanded 
as a ttagraot uutrulh.- And yet this is the language 
which, thirty years ago, when the Sabbath wasobc>ervetl 
mora strk-tly than it is now, was used by a Scot in 
Kfert^K^ to the towns of Scotland. My Sabbatariaa 
friewls, you have no grotmd to stand npoD. I sa; 
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friends, for I would tar rather have you as friends than 
as enemies — far rather see you converted than anni- 
hilated. You possess a strength and earnestness with 
which the world cannot dispense ; hut to he productive 
of anything permanently good, that strenj^lh and Ihat 
eameatnesa must build upon the sure foundation of 
human nature. This is that law of the universe apciken 
of so frequently by your illustrious countryman, Mr. 
Carlyle, to quarrel with which is to provoke and pre- 
cipitate ruin. Join with us then in our endeavours to 
turn our Sundays to better account. Back with your 
support the moderate and considerate demands of the 
Sunday Society, which scrupulously avoids interferinfj 
with the hours devoted by common consent to public 
worship. Offer the museum, the picture gallery, and 
the public garden as competitors to the public-house. 
By so doing you will fall in with the spirit of your time, 
and row with, instead of against, the resistless current 
along which man is borne to his destiny. 

Moat of you here are Liberals; perhaps Radicals, 
perhaps even Republicans. In the proper sense of the 
teiTD, I am a Conservative. MadnebS or folly can de- 
molish : it requires wisdom to conserve. But let iia 
understand each other. The first requisite of a true 
conservatism is foresight. Humanity grows, and fore- 
§ight secures room for future expansion. In your walk's 
in the country you sometimes see a wall built round a 
■ growing tree. So much the worse for the wall, which is 
sure to be rent and ruined by the energy it opposes. We 
have here represented not a true, but a false and igmi- 
rant coo ser vat ism. The true conservative looks uhead 
and prepares for the inevitable. He forestalls revolution 
by securing, in due lime, sulBcieot amplitude for the 
national vibrations. He is a wrong-beaded statesman 
who imposes his notions, liowever right in the abstract. 
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oa a Qiition unprepared for them. He ie no stateRmai 
at ali who, witlinitt seeking to interpret and guide il laM 
advance, merely waits lor the more or less coara« ei-^ 
pression of the popular will, and then constitutes himself 
its vehicle. Untimelinese is sure to be the characteristic 
of the work of such a st-ale^inan. In virtue of the 
position which he occupies, his knowledge and insight J 
ought to be in advance of the public knowle( 
insight ; and his action, in like degree, ought to precedej 
and inform public action. This is what I want mjM 
Sabbatarian friends to bear in mind. If thej 
abroad from the vantage-ground which they occupy,B 
they can hardly fail to discern that the intellect of thi^ 
country is gradually ranging itself upon our eide^'l 
Whether they hear or whether they forbear, we are s 
to unlock, for the public benefit, the doors of tha 
museums and galleries which we have purchased, am 
for the maintenance of which we pay. But I woid4^ 
liave them not only to pre|>are for the coming change, 
but to aid and further it liy anticipation. They will 
thuK, in a now fashion, 'dish the Whigs," pi-ove them- 
Belves men of foresight and common sense, and obtaio, 
a fresh Iwiso of tho rrupcct of the commimity. 

As tho years roll by, tiie term 'materialist' will los 
more and more of Un evil [■unuolution ; for it will I 
more and moro seen and aakunwledged that the trii^ 
spiritiiul niUui'o of man in bound up with his materiAl 
condition. WludcKonm fond, pure air, cleanliness — bar ' 
work if you will, but uUo lair rout and recreation — Uiee 
ur» ntwHUiivy nut only to pliyMlcid but to spiritual welM 
bi'in^, A oloKifiol ami diNni'dt'i'sil body implies a 
or IfBs dimtrdi-rod mind. 'Dio mn'd of tin.' spirit is c. 
in vaio amid #{inu-» and thnrun, and thus yo 
utterHUooN Wcomi' Idio woi'dii whun itddri'S^eil to tha'fl 
ucclimaliDod iiihabltiinlii ot oiii *l\\\w and uUoya.! 
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Drunkenness niins the substratum of resolution The 
physicflof the drunkard's brain are incompatible with 
moral strength. Here your first care ought to be to 
cleanse and improve the organ. Break the sot's associa- 
tions ; change his environment ; alter his nutrition ; dis- 
place hia base imaginations by thoughts drawn from 
the purer sources which we seek to render accessible to 
him. Such is the treatment of which the denizen of out 
alums stands in most immediate need — such the disci- 
pline requisite for the development of a force of will, 
able to resist the fascinations of the gin-shop. If you 
could establish Sunday tramways between these dens of 
filth and iniquity and the nearest green fields, you 
would, in TO doing, be preaching a true Gospel. And 
not only the denizens of our slums, but the proprietors 
of our factories and counting-houses might, perha|is, 
he none the worse for an occasional excursion in the 
company of those whom they employ. A most blessed 
influence woidd also be shed upon the clergy if they 
were enabled from time to time to change their 'sloth 
urbane' for action on heath or mountain. Baxter was 
woll aware of the soothing influence of fields, and eoun- 
triea, and walks and gardens, on a fretted brain. 
Jeremy Taylor showed a profound knowledge of human 
nature when he wrote thus : — ' It is certain that all 
which can innocently make a man cheerful, does also 
make him charitable. For grief, and age, and sick- 
ness, and weariness, these are peevish and troublesome ; 
but mirth and cheerfulness are content, and civil, and 
compliant, and communicative, and love to do good, 
and swell up to felicity only upon the wings of charity. 
Upon this account, here ia pleasure enough for a 
(Jhri^tian at present ; and if a facete discourse, and an 
amicable friendly mirth, can refresh the spirit and take 
it off from the vile temptation of peevish, despairing, 
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nneomplying melancholy, it must needs be innooenfe^ 
and commendiible.' I do not know whether you ever 
read Thomas Hood's ' Ode to Rae Wilson,' with j 
extract from which I will close this address. Hood 
was a humouiiat, and to some of our graver theologians 
might appear a mere feather-head. But those who 
have read his more serious works will have discerned in 
him a vein of deep poetic pathos. I hardly know any- 
thing finer than the apostrophe with which he turns 
from those 

That bid yon baulk 
A Sunday walk. 
Acd shim Ood's work as joji should shun your owd ; 

Calling' all sermona contraboada, 

In that great Temple that's not made with hands, 

to the description of what Sunday might be, and is, to 
him who is competent to enjoy it aright. 

Thrioe blessed, rather, in the man, with whom 
The gracioQfl prodigality of nature, 
The balm, ihe bliss, the beauty, and the bloom, 
The bouuleouB providence in ev'ry feature, 
Beoall the good Creator to his creature, 
Making all earth a fans, all heav'n its dome I 
To Ai* toced spirit the wild heather- bells 

Ring Sabbath knells ; 
The jubilate of the Boaring lark 

Is chant of clerk ; 
For choir, the Ihtush and the gregarious linnet [ 
The End's a cushion for bis pioaa want ; 
And, consecrated by the heav'n within it. 

The sky-blue pool, a font. 
Each oloud-capp'd mountain is a holy altar i 

An organ breathes in every grove ; 

And the full heart's a Psalter, 
£ich in deep hymns of gratitude and lovo I 
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IN the days of my youth, when life was strong and 
aspiiation high, I found myself standing one fine 
fiummer evening beside a statue of Goethe in a German 
city. Following the current of thought and feelinjj 
started by the associations of the place, I eventually 
came to the conclusion that, judging even from a 
purely utilitarian point of view, a truly noble work of 
art was the moat suitable memorial for a great man. 
Such a work appeared to me capable of exciting a 
motive force within the mind which no purely material 
influence could generate. There was then labour 
before me of the mo^t arduous kind. There were 
furmidahle praclical difficulties to be overcome, and 
very small means wherewith to overcome them, and 
yet I felt that no material means could, as regards 
the task I had undertaken, plant within me a resolve 
comparable with th:)t which the contemplation of this 
statue of Goethe was able to arouse. 

My reverence for the poet had been awakened by 
the writings of Mr. Carlyle, and it was afterwards con- 
firmed and consolidated by the writings of Goethe him- 
self. There wa<, however, one of the poet's works which, 
though it lay directly in the line of my own studies, re- 
mained for a long time only imperfectly known to me. 
My opinion of that work was not formed on hearsay. I 
' A Fridaj Evcnirig diacouise Id the Eojal Institutioa. 
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dipped into it so far as to make mjsclf acquainted 
with its styip, its logic, and its general aim ; but having 
done tbis I laid it aside as sometbing which jarred upon 
my conception of Goethe's grandeur. The mind will- 
ingly rounds oEf the image which it venerates, and only 
acknowledges with reluctance that it is on any b 
complete; and believing that Goethe in tbe'Farben- 
iehre' was wrong in hia intellectual, and perverse in bia i 
moral judgnienlH — seeing above all things that he had 
Ibrsaken the lofty impersonal calm whii-h was his chief 
characteristic, and which had entered into my concep- 
tion of the god-like in literature — I abandoned the 
'Farbenlehre,' and looked up to Goethe on that side ■ 
where his greatness was UDContested and siipieme. 

But in the month of May 1 878 Mr. Carlyle did me I 
the honour of culling upon me twice; and not being! 
at home at the lime, I visited lum in Chelsea sooaj 
afterwards. He was then in Ma eighty-lhird year, and . 
looking in his solemn fashion towards that portal to 
which we are all so rapidly hastening, he remembered 
bis friends. He then presented to me, as ' a farewell 
gift,' the two octavo volumes of letterpress, and the 
single folio volume, consisting in great part of coloured 
diagrams, which are here before you. Exactly half a 
century ago these volumes were sent by Goethe to Mr. 
Carlyle. They embrace the ' Farbenlehre ' — a title 
which may be translated, though not well translated, 
'Theory of Colours' — and they are accompanied by a 
long letter, or rather catalogue, from Goethe himself, 
dated June 14, 1S30, a little less than two years before 
his death. My illustrious friend wislied me to esamine 
tlio book, with a view of setting forth what it really 
contained. Thisjearfor the first time I have been able 
to comply with the desire of Mr. Carlyle ; and as I knew 
that your wish woidd coincide with bis, as to the pro- 
priety of making some attempt to weigh the merits of 
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h work which exerted so great aa influence in its day,' 
I have not ehrunk from tbe labour of such a review. 

The average reading of the late Mr. Bucltle is said 
to have amounted to three volumes a day. They could 
not have been volumes like those of the ' Farbenlehre. 
For the necessity of halting and pondeiing over its 
statementa is ho frequent, and the difficulty of coming 
to any undoubted conclusion regarding Goethe's real 
conceptions is often so great, as to invoke the expendi- 
ture of an inordinate amount of time. 1 cannot even 
now say with confidence that I fully realise all the 
thoughts of Goethe. Many of them are strange to the 
scientific man. They demand for their interpretation 
a sympathy beyond that required, or even tolerated, in 
tevere physical research. Two factors, the one external 
and the other internal, go to the production of every in- 
tellectual result. There is the evidence without, and 
there is the niind withiu on which that evidence im- 
pinges. Change either factor and the le^ult will cease 
to be the fame. In Ihe region of politics, where mere 
opinion comes so much into play, it is only natural 
that the same external evidence should produce different 
convictions in different minds. But in the region of 
science, where demonstration instead of opinion is 
paramount, such diiferences ought hardly to be ex- 
pected. TJiat they nevertheless occur is strikingly exem- 
plified by the case before us ; for the very experimental 
facts which had previously converted the world to 
Newton's views, on appealing to the mind of Goethe, 
produced a theory of light and colours in violent anta- 
gonism to that of Newton. 

> The Ltte Sir Charles EasLlake translated a portion of the 
FarienUilire ; while the late Sir. Jjewea, in hia Life of Goethe, has 
given a brief but very clevei account ot Iho work. It ia also 
dealt wilh bv Dove and, in connection nilli G jethe's other scientilio 
labours, hj llelmbolti. 
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Goethe prized the ' Farlwnlchre ' as the most import- 
ant of his woibs. ' In what I Lave done as a poet,' he 
says to Eukermann, ' I take no pride, but I am proud 
of the fact that I am the only person in this century 
who is acquainted with tlie difficult science of colours.' 
If the importance of a work were to be measured by the 
amount of conscious liibour expended in its production, 
Goetlie'e estimate of the ' Farbenlehre ' would probably 
be correct. The observations and experiments there 
recorded astonish us by their variety and number. The 
amount of reading which he accomplished was obviously 
vast. lie pursued the history of optics not only along 
its main streams, hut on to its remotest rills. He waa 
animated by the zeal of an apostle, for he believed that 
a giant imposture was to be overthrown, and that be 
was the man to accomplish the holy work of destruction. 
He waa also a lover of art, and held that the enunciation , 
of the true principles of colour would, iu relation to 
painting, be of lasting importance. Thus positively 
and negatively be was stimulated to bring all the 
strength he could command to bear upon this question. 
The greater part of the first volume is taken up with 
Goethe's own esperiments, which are described in 920 
paragraphs duly numbered. It is not a consecutive 
argument, but ratber a series of jets of fact and logio 
emitted at various intervals. Ipicture the poet in that 
troublous war-tiine, walking up and down hia Weimar 
garden, with his hands behind bis back, pondering hia 
subject, throwing his experiments and reflections intn 
these terse paragraphs, and turning occasionally into 
bis garden bou-;e to write them down. This first por- 
tion of the work embraces three parts, which deal, re- 
spectively, with Physiological or Subjective Colom 
with Physical or Prismatic Colours, and with Chemical 
Colours and Pigments. To these are added a fourth 
part, bearing the German title, ' Allgemeine Ausichten 
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riliL'Ii innen ; ' a fifth pact, entitled 'Nacijbarliche Ver- 
haltaisse,* neighbouriDg rcliitiuns ; and a sixth part, 
entitled ' SiDnlich-sittliche Wirkimg der Farbe," sen- 
Buously-moral effect of colours. It U liardly necessary to 
remark that some of these titles, though doubtless preg- 
nant with meaning to the poet himself, are not likely to 
commend themselves to the more exacting man of 
science. 

The main divisions of Goethe's book are subdivided 
into short sections, bearing titles more or less shadowy 
from a scientific point of view — Origin of white ; Origin 
of black ; Excitemer t of colour ; Heightening ; Culmina- 
tion ; Balancing ; Reversion ; Fixation ; Mixture real ; 
Mixture apparent ; Communication Hctiial ; Communi- 
cation apparent. He describes the colours of minerals, 
plants, worms, insects, fishes, bii-ds, mammals, and 
men. Hair on the surface of the human >xidy he con- 
siders indicative rather of weakness than of strength. 
The disquisition is continued under the headings — How 
easily colour arises ; How energetic colour may be ; 
Heightening to red ; Completeness of manifold pheno- 
mena ; Agreement of complete phenomena ; How easily 
colour disappears ; How durable colour remains ; Relation 
to philosophy ; Relation to mathematics ; Relation to 
physiology and patbulogy ; Relation to natural history ; 
Relation to general physics ; Relation to tones. Then 
follows a series of sections dealing with the primary 
colours and their mixtures. These sections i*elate less 
to science than to art. The writer treats, among other 
thing"", of Esthetic effects Fear of the Theoretical; 
Grounds and Pigments, Allegorical, Symbolical, and 
Mystical use of colours. The headings alone indicate 
the enormous industry of the poet j showing at the same 
time an absence of that scientific definition which ho 
stigmatised as ' pedantry ' in the case of Newton. 
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Tn connection ntth Ms Gtibject, Goethe cbar^ed 
himself with al) kiuds of kindred know], dge. He refisra 
to ocular spectra, quoting Bo^le, BulTon, and Parwin ; 
to the paralysia of the eye by light ; to its extreme 
pensitivene^ when it awakes in the morning ; to irradia- 
tion — quoting Tjcho Brahe on the comparative apparent 
size of the dark and the illuminated moon. He dwells i 
upon the persistence of impressions upon the retina, j 
and quotes various instances of abnormal duraiion, 
posseted a full and exact knowledge of the phenomena J 
of subjective colours, and described various modes of i 
producing them. He copiously illustrates the produo- J 
lion by red of subjective green, and by green of subjcc 
tive red. Blue produces subjective yellow, and yellow ' 
subjective blue. He esperimcnled upttQ sbaduw^ 1 
coloured in contrast to sui rounding light. The eon- j 
trasting subjecli\'e cntoiu-s he calls 'geforderte Fai^ 
ben,' colours ' demanded ' by the eye. Goethe giva 
(he following striking illustiutioa of these subjectiva I 
effects, ' I once,' be said, 'entered an inn towards i 
evening, when a wi-U-biiilt maiden, with dazzliDgly I 
white face, black hair, and scarlet bodice and skirt cams 
towards me. I looked at her sharply in tie twilight, J 
and when she moved aw.iy, saw upon the white wail | 
opposite, a black fiice wiih a bright halo round it, while j 
the clothing of the perfectly distinct figitre appeared ] 
of a beautiful sea-gret-n.' With the instinct of the 
poet, Goeihe discerned in these antitlieses an image of 1 
thp general method of natrire. Every action, he says, j 
implies an opposite. Inhalation preceiies expiration, ' 
and each systole has its coiTP^onding diastole. Such 
is the eterniil foi-mula of life. Under the figure of , 
systole and dinstole the rhythm of nature is repieseuted 
in otlier portions of his work, 

Goethe handled the prism with great skill, and hi^ 
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isetx^les am ■ Uaek gramd, bhA tBet » i^e» «■ ■ 
wbilA graoad, aad riiifis tfaeir ffift pocitiaBi by 

widi eoloaied raeteagiei sod £«•. Tbe fikifi«d n^e 
b nraetimes pnifMted «■ a lenen, tlw vxperimeBi 
lieing then 'objectiTe.* It ii totoetimM looked at 
lUrecU; thrtH^ the ]Miam, tike experinMst hiiag tb-n 
* Eobjectire.' In tbe produetion of dtromalic efferU, 
lie dvella upoo the abwtote necessity of 6aiuul<tn«i — 
* Gr&QKiu' Tiie fkj maj be looked at and diifted hjm 
|>riam witboat tbe production of colour; and if the 
nhite rectu^le on a bLtck ground be oolj maiie vide 
enough, tbe centre remains white after refraction, the 
t-oloiua being cootioed to iLe edge*. Gi>e<he'9 earliest 
expt^meot, vhich led him »o hastily to the conclusion 
that Xewton'B theory of colours v.is wrong, consisted 
in loi^Dg tliroo^fh a prism at the while wall of his qivn 
room. He ex|>ccled to see the whole wall corered with 
colours, this being, he thought, implied in the theory 
of Newton. But to his a3toni>hmeDt it remained white, 
and otily when be came to the biiiiuilaTy of a dark or a 
I'right space did tlie colours reveal themselves. This 
question of ' boundaries* isone of supreme importance 
to the author of the ' Farbenlehre ; " the end and aim 
cf his theory being to uccuunt fur the coloured fringes 
produced at the edges of his refracted images. 

Darkness, acctriling to Goethe, had as much to do 
aa light with the production of colour. Colour was 
really due to the commingling of both. Not only did 
his white rectangles upon a black ground yield tlie 
coloured fringes, but his black rectangles on a white 
ground did the t-ame. The order of the colours seemed, 
liowever, different in the two cases. Let a visiting card, 
li'jld in the hand between the eye and a window facing 
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the bright firmament, te looked at through a prism ; 
then supposing the image of the card to be shifted 1 
upwards by refraction, a red fringe is seen above and a 
blue one below. Let the back be turned to the window j 
and the card so held tliat the lifjht shall fall upon it ; 
on being looked at through the prism, blue is seen above 
and red below. In the first case the fringes are due to 
the decom position of the light adjacent to the edge of 
the card, which simply acts as an opat^ue body, and 
might have been actually black. In the second ci 
the light decomposed is that coming from the surface 
of the card itself. The first experiment corresponds to ; 
that of Goethe with a black rectangle on a white 
ground ; while the second experiment corresponds to 
Goethe's white rectangle on a black groiuid. Both 
these effects are immediately deducible from Newton'a 
theory of colours. But this, though explained to him 
by physicists of great experience and reputation, Goetha 
could never be brought to see, and he continued to 
affirm to the end of his life that the results were utterly j 
irreconcilable with the theory of Newton. 

In bis own explanatiooa Goethe began at the wrong 
end, inverting the true order of thought, and trying to 
malte the outcome of theory its foundation. Apart 
from theory, however, hi^ observations are of great 
interest and variety. He looked to the zenith at mid- 
night, and found before him the blackness of space, 
while in daylight he saw the blue firmament overhead ; 
and be rightly adopted the conclusion that this colour- 
ing of the sky was due to the shining of the sun upon 
a turbid medium with darkness behind. He by no 
means understood the physical action of turbid media, 
but be made a great variety of experiments bearing 
upon this point. Water, for example, rendered turbid 
by varnish, soap, or milk, and having a black ground 
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b^ind it, alvajs appeared blue wbeo abcoe npoo by 
white ligbU Wheo, in^taul of a bla<i backgfouod, a 
bright one wa^ placed bebiod, so that the light &boae, 
not on but tkrovgh <be turbid liquid, the blue colour 
disappeared, and he had jellow in its place. Such 
exp^ments are capable of endless variation. To this 
class of effects belongs the paiotf r's ' chill.' A cold 
bluish bloom, like that of a plum, is Eomctimes obenved 
to cover the browns of a varnished picture. This is 
doe to a want of optical continuitv in the varnish. 
Instead of being a coherent layer it is broken up into 
particles of microscopic smallness, which virtually con- 
stitute a turbid medium and send blue light to the 
eye. 

Goethe himself describes a most amusing illustra- 
tion, or, to use his own language, 'a wonderful pbeno- 
menon,' due to the temporary action of a lurbid medium 
on a picture. ' A portrait of an esteemed theologian was 
painted several years ago by an artist specially skilled 
in the treatment of colours. The man stood forth in 
his dignity clad in a beatilifiil bl-ck velvet coat, which 
attracted the eyes and awakened the admiration of the 
beholder almost more than the face itself. Through 
the action of humidity and dust, however, the picture 
had lost much of its original splendour. It was there- 
fore handed over to a painter to be cleaned, and newly 
varnished. The painter began by carefully passing a 
wet sponge over the picture. But he had scarcely thus 
removed the coarser dirt, when to Ms astonishment (lie 
black velvet suddenly changed into a light blue plush i 
the reverend gentleman acquiring thereby a very worldly, 
if, at the same time, an old-fashioned appearance. The 
painter would not trust himself to wash further. He 
oould by no means see how a bright blue could under- 
lie a dark black, still less that he could have so rapidly 
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washed awaj a coating capable of converting a blue 
like that before him into the black of the original 
paint injj.' 

Goethe inspected the picture, saw the phenomenon, 
and explained it. To deepen the hue of the velvet coat 
the painter had covered it with a special varnish, which, 
by absorbing part ot the water passed over it, waa con- 
verted iDt/> a turbid medium, through which the black 
behind instantly appeared as blue. To the great joy 
of the painter, be found that a few hours' continuance 
in a dry place restored the primitive black. By the 
evaporation of the moisture the optical continuity of 
the \'amish (to which essential point Goethe does not 
refer) was re-established, after which it ceased to act as 
a turbid medium. 

Thisquestion of turbid media took entire possession 
of the poet's mind. It was ever present to his obsen'a- 
tion. It was illustrated by the azure of noonday, and 
by the daffodil and crimson of the evening sky. Tha 
inimitable lines written at Ilmenau — 
Deber kllen O^cln 

Id alien Wipfeln 

Spurest Dn 

KiBDi einen Banch — 

sii^^'Sit a stillness of the atioof^bere which woidd allnw 
t)i« cvilumns of fine smoke from the forestera' cottages 
to rise high into the air. He would thus have an 
oppurtunitT of seeing the upper portion of the column 
fHMJM!te<() against brti;ht cloudii, and the lomer portion 
a^paiost dart pines, the browni:^ yellow of the one^ and 
the blue of the other, being strikingly and at ooee 
ivvealed. He was able to produce anificiallT at will 
the colours which be bad preTiou!); ahserved in mature. 
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He noticed that when certain bodies were iucorporated 
with glass this Bubstaiice also piayed a double part, 
appearing blue bj reflected and yellow by transmitted 
Jife'ht.' 

The action of turbid media waa to Goethe the idl.i- 
niate fiict — the Vrpkniiomen — of the world of colours. 
' We see on the one side Light and on the other side 
Darkness, We bring between both Turbidity, and 
from these opposites develop all colours.' As long as 
Gh>ethe remiiins in the region of fact his observations 
are of peiTiianent value. But by the coercion of a 
powerful imagination he forced his turbid media into 
regions to which they did not belong, and sought to 
overthrow by their agency the irrefiagable demonstra- 
tions of Newton. Newton's theory, as known by every- 
body, ie that white light is composed of a multitude of 
differently refrangible rays, whwwe coaleiicence produces 
the impression of white. By prismatic analysis these 
rays are separated from each other, the colour of each 
ray being strictly determined by its refrangibiiity. The 
experiments of Newton, whereby he sought to establish 
this theory, had long appealed with overmastering evi- 
dence to every mind tjained in the severities of physical 
investigation. But tliey did not thus appeal to Goethe^ 
Accepting for the most part the experiments of Newton, 
he rejected with indignation the conclusions drawn from 
them, and turned into utter ridicule the notion that 
white light possessed the composite character ascribed 
to it. Many of the naturalists of his time supported 
him, while among philosophers Schelling and Hegel 
shouted in acclamation over the supposed defeat of 
Newton. The physicists, however, gave the poet no 
countenance. Goethe met their scorn with scorn, and 



68 



GOETHES 'FAKBtNLEHRE.' 



under his lash these deniers of bis theorj, theii Master I 
inchnied, paid the penalty of their arrogarce. 

How, then, did he lay down the lines of hia own | 
theory? How, out of such meagre elements as his.J 
yellow, and bis bine, and his turbid niediiinij did bs| 
extract the amazing variety and richness of the New- 
tonina sppctrum? Here we must walk circumspectly, 
for the intellectual atmosphere with which Goe'he 8ur- 
roimds himself is by no means free from turbidity. Iq 
trying to accoimt for hia position, we must make o 
selves acquainted with hia salient facts, and endeavour to'l 
pluce our minds in sympathy with bis mode of regard*^ 
iiiji; them. He found that he could intensify the yellova 
of his transmitted light by making tbe turbidity of hitl 
medium stronger. A single slieet of diaphanous parch-r 
ment placed over a hole in his window -shutter appeared! 
whitish. Two sheets appeared yellow, which by thsa 
addition of other sheets could be converted into red. it f 
is quite trne that by simply sendiug it through a n 
dtiun charged with extremely minute particles we caa-V 
extract from white light a ruby red. The red of thi 
London sun, of which we have had f^ucb fine and &^ 
quent examples during the late winter, is a case t 
eome extent in point, troethe did not believe in Xew-^ 
ton's ditfervnUy refrangible rays. He refused to enter* fl 
tutn the notion that the red light obtained by tba'S 
eoiploymeut of several sheets of parchment was different ■ 
in <)uality friim the vfllow light obtained with twobi 
The red, neoonltng to him. wits a mere intensification — '.M 
*Steigerung'— of the yoU"w. Colours in general con-^l 
BtBtvd, accurdin^ tu Oix'thv, of light on its way i 
duknos^ond the only diirttrt-Ui-e )ietween yellow ancll 
red oonstsl<») in the Utter K^iug u«ir(.>T than tbefonnneil 
to its Su»l g\wl. 

Bnt how in (h« [trudiMtJt^n of the ^tn-ctrum do turt I 
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^^L of whii 
^^B remain 



bid media oome into pUr ? If tbey exist, where are 
they ? The poet's answer to this question is snbtle in 
the extreme. He wanders round tbe answer before he 
touches it, indulging in various considenitiong [v^^arding 
peniimbrx and double images, with the apparent aim of 
breakin<r down tbe repugnance to his logic which tbe 
mind of his reader is onlj too liitely to entertain. If 
yon pbice .i white card near the surface of a piece of 
plate-^las;, and look obU4Helj at the ima^ of the 
card reflected from the two surfaces, you observe two 
images, which are hazy at tbe edges and more dense 
and defined where they overlap. These hazy edges 
Goethe pressed into bis service as turbid media. He 
fancied th^t they associated themselves indissolubly 
with hia refracted rectangles — that in every case the 
image of tbe rectangle was accompnuied by a secondary 
hazy image, a little in advance of tbe principal one. 
At one edge, hi; contended, tbe advanced secondary 
image bad black behind it, which was converted into 
blue ; while at the other edge it had white behind it, 
and appeared yellow. When the refracted rectangle ia 
made very narrow, the fringes approach each other and 
Snally overlap. Blue thus mingles with yellow, and 
the green of the spectrum is the consequence, Tbis, 
in a nutshell, is the theory of colours develocei in 
the • Farbenlehre.' Goethe obviously regarded the 
narrowing of the rectangle, of tbe cylindrical beam, or 
of the slit from which the light passed to the prism — 
according to Newton the indispensable requisite for the 
production of a pure spectrum — as an imp'tre and 
complicated mode of illustrating tbe phenomenon. 
The elementary fact is, according to Goetbe, obtained 
when we operate with a wide rectangle the edges only 
of which are coloured by refraction, while the centre 
remains white. Hia experiments with the parchment 
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had made him acquainted with the passage of 
into red as he midliplied his layers ; but bow this ps 
nage occurs in the spectrum lie does not explain, 
however, his hazy surfaces — Ms virtual turbid media—*'! 
produced, in some way or other, the observed passage.' 
and intensification, Goethe held as firmly, and enun- 
ciated as confidently, as if hia analysis of the phenomena 
had been complete. 

The fact is, that between double images and turbid 
media there is no kinship whatever. Turbitlity is due 
to the diffusion, in a transparent medium, of minute 
partieles having a refractive index different from that 
of the medium. But the act of reflection, which pro- 
duced the penumbral surfaces, whose aid Goethe in- 
voked, did not charge them with such discrete particles. 
On various former occasions I have tried to set forth 
the principles on which the chromatic action of turbid 
media depends. When such media are to be seen blue, 
the light scattered by the diffused particles, and 
only, ought to reach the eye. This feeble light mi 
be compared to a I'aiot whisper which is easily rendei 
inaudible by ft louder noise. The scattered light of 
particles is accordingly overpowered, when a stronj 
light comes, not from the particles, hut from a briglil 
surface lichind them. Here the light reaches the ey« 
minus that scattcrod hy the particles, it is therefoi 
the complementary light, or yellow. Both eflects 
immediately doducible fixim (be principles of the 
dulatory theory. As a stone in water throws back 
hirg«t fraction of » liiiple than of a larger wave, so di 
tlio excessively mitiuto particles which produce the 
turbidity scatter more copiously the ^mall waves of tlie 
spectrum thou the largw ones. Light scattered hy such 
particles will therefore always contain a preponderani 
of tlie waves which pmdnce the sensation of bl< 
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I Pun^ its trmimiBinn tfaiw^ the tartid nwdittm 
1 Ihe vfaite iigfat ia more mad tnore roUie«l of its bloe 
I coastitDeDter the tnosmitted tight which rracbes the 
eye being therefi>re completneiiiary to the bine. 

Some of yoa ue, do drnilt, xrare that it is poeahie 
I to take matter in the ga^eoos coodidon, when its 
I «mal)eit parts are moWules, incapable of leicg either 
I thero^ves or of seatteriDg any feasible portioD 
1 of light which impinges on them ; that it is pos^ble 
to shake tiie^ molecolei asunder l^ special light- 
waves, so that their liberated constitaents shall coalesce 
anew and form, not molfcttlea, but partidfS ; that it 
' IE possible to cause these particles to grow, from a sisa 
' bordering on the atomic, to a size wliich enables them 
i to copiously scatter light. Some of you are aware that 
L in tile early stages of their growth, when they are still 
I heyond the grasp of the microscope, such p:irticles, no 
T what the eubstance may be of which they are 
1, ghed forth a pure firmameatal blue ; and that 
we can manufacture in the laboratory 
1 skies which die^play all the phenomena, both 
■ of colour and polarisation, of the real firmament, 

With regard to the production of the green of 
the spectrum by the overlapping of yellow and blue, 
I Goethe, like a multitude of others, confoumled the 
mixture of blue aud yellow lights with that of bluo 
I and yellow pigments. Tliis was an error shared by the 
I world at large. But in Goethe's own day, Wiiusoh ot 
J Leipzig, who is ridiculed in the * Farbenlebre,' hud 
I'corrected the error, and proved the mixture of blue 
land yellow lights to produce white. Any doubt that 
I might be eutertaiued of Wiinscli's experiments— and 
B&ey are obviously the work of a careful and conip^ 
Ttent man — is entirely removed by the experiments of 
iHelmhoUz and others in our own day. Thus, to sum 
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Up, Goethe's theory, if stich it may be called, proves 
incompetent tx) account even approximately for the 
Newtonian spectrum. He refers it to turbid media, 
but no siieb media come into play. He fails to account 
for the passage of yellow into red and of blue into 
violet ; while his attempt to deduce the green of ihe 
spectrum &om the mixture of yellow and blue, isJ 
contradicted by facts which were extant in bis owsa 
time. 



One hole Goethe did find in Newton's armour,! 
through which hia lance incessantly worried the Eug-l 
liahraan. Newton had committed himself to the doo-1 
trine that refraction without colour was impossible,' 
He therefore thought that the object-glasses of tela- 
scopes must for ever remain imperfect, achromatisotl 
and refraction being incompatible. The inference o 
Newton was proved by DoUond to be wrong.' With , 
the same mean refraction, flint glass produces a longer 
and richer spectrum than crown glass. By diminishing 
the refracting angle of the flint-glass prism, its spec- 
trum may be made equal in length to that of the crowiL J 
glass. Causing two such prisms to refract in oppositK^ 
directions, the coloiu-s may be neutralised, while a 
siderable residue of refraction continues in favour c 
the crown. Similar combinations are possible in th«j 
case of lenses; and hence, as DoUond showed, tbefl 
possibility of producing a compound achromatic len8.« 
Here, as elsewhere, Goethe proves himself master ofa 
the experimental conditions. It is the power of inifl 
terpretation that he lacks. He flaunts this error tq-M 
garding achromatism incessantly in the face of Newtoofl 
and his followers. But the error, which was a real oi 

■ DdUoDd was ItiQ son of » HuguunoC, Up to 1752 he wa 
iills weiiTer at SpitalReldi; he afterwarda becnme an optician. 
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leiiTeB Newton's theory of colours perfectly unim- 
paired. 

Newton's account of his first experiment with the 
prism is for ever memorable. 'To perform my late 
promise to you,' he writes to Oldenburg, ' I ghali with- 
out further ceremony acquaint yoii, that in the year 
lfi66 (at which time I applied myself to the grinding 
of optick-glasses of other figures than spherical) I pro- 
cured me a triangular glass piism, to try therewith the 
celebrated phenomena of colours. And in order thereto, 
having darkened my chamber, and made a small hole 
in my window-shuts, to let in a convenient quantity of 
the sun's light, I pkced my prism at its entrance, that 
it might be thereby refracted to the opposite wall. lb 
was at first a very pleasing divertisemenfc, to view the 
vivid and intense colours produced thereby; but after 
a while applying myself to consider them more circum- 
spectly, I became surprised to see them in an oblong 
form, which according to the received laws of refrac- 
tions, I expected should have been circular. They were 
terminated at the sides with straight lines, but at the 
ends the decay of light was so gradual, that it was 
difficult to determine justly what was their figure, yet 
they seemed semi-circular. 

'Comparing the length of this coloured spectrum 
with its breadth, I found it about five times greater ; a 
disproportion so extravagant, that it excited me to a. 
more than ordinary curiosity of examining from whence 
il might proceed.' This curiosity Newton gratified 
by instituting a series of experimental questions, the 
answers to which left no doubt upon his mind that the 
elongation of his spectrum was due to the fact ' that 
light is not similar or homogeneal, but consists of 
diform rays, some of which are more refrangiblo 
iha/ti othei'8 ; so that, without any difference in their 
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incidence on the same medium, Bome shall be i 
refracted than others; and therefore that, according I 
to iheir particular degrees of refranglbility, they were 1 
transmitted through the prism to divera parts of thajl 
opposite wall. When,' continues Newton, 'I under- J 
Btood this, I left off my aforesaid g-lass works ; for I.l 
saw that tlie perfection of telescopes was hitherto J 
limited, not so much for want of glasses truly figuied 1 
according to the prescriptions of optick authors, as 1 
because that light itself is an heterogeneoua mixture of 'I 
differently refra/ngible rays; bo that were a glass bo J 
exactly figured as to collect any one sort of rays into i 
one point, it could not collect those also into the sameij 
point, which, having the same incidence upon tha J 
same medium, are apt to sutFer a different refraction.' 

Goethe harped on this string without cessation, i 
* The Newtoaian doctrine,' he says, 'was really dead the^ 
moment achromatism was discovered. Gifted i 
our own Kliigel, for example — felt tliia, but t 
themselves in an undecided way. On the other hand, 
the school which had been long accustomed to support, 
patch up,and glue their intellects to theviewsofNewton, 
had surgeons at hand to embalm the corpse, so that even 
after death, in the manner of the Egyptians, it should 
preside at the banquets of the natural philosophers.' 

In deiiling with the cliromatic aberration of lenseii, 
Goethe proves himself to be less heedful than usual as ] 
an experimenter. With the clearest perception of I 
principles, Newton had taken two pieces of cardboard, 
the one coloured a deep red, the other a deep blue. 
Around those cai-ds he had wound fine black silk, so 
that the silk formed a series of separate fine dark linea 
Upon the two coloured surfaces. He might have drawn i 
black lines over the red and blue, but the silk linea 
were finer than any tliat he could draw. Illuminating 
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both surfaces, he placed a lens so aa to cast an image of 
(lie surfaces upon a white screen. The result was, thai 
when the dark lines were sharply defined upon (he red, 
they were undetined upon the blue ; and that when, by 
moving the screen, they were ren lereJ distinct upon 
tlie blue, tticy were indistinct iipun the red, A distance 
of an inch and a half aeparaled the focus of red rays 
from the focus of blue ray.-i, the latter being nearer to 
the lens than the former. Goethe appears to have 
attempted a repetition of this experiment ; at all events, 
he flatly contradicts Newton, ascrihing his result not 
to the testimony of his bodily eyes, but to that of the 
prejudiced eyes of his mind. Goethe always saw the 
dark lines beat defined upon the brighter colour. It 
was to him purely a matter of contrast, and not of 
different refrangibility. He argues caustically that 
Newton proves too much ; for were lie correct, not only 
would a dioptric telescope be impossible, but whea pre- 
sented to our naked eyes, differently -coloured objects 
must appear utterly confusing. Let a house, be says, 
be supposed to stand in full sunshine ; let the roof-tiles 
be red, the wails yellow, wi'h blue curtains behind the 
open windows, while a lady with a violet dress steps 
out of the door. Let us look at the whole from a 
point in front of the house. The tiles we will suppose 
appear distinct, hut on turning to the lady we shoLild 
find both the forro and the foldsof her dress undeHned. 
We must muve forward to see her distinctly, and then 
the red tiles would appear nebidous. And bo with 
regard to the other objects, we must move to and fro 
in order to see them clearly, if Newton's pretended 
second experi men t were correct. Goethe seems to have 
Ibrgotten that the human eye is not a rigid lens, and 
that it is able to adjust itself promptly and without 
difficulty to differences of distance enormously greater 
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than that due to the different refrangibility of the 1 
iliffei CD tly -coloured rays. 

Newton's tlieory of colotire, it may be remarked, ia I 
really less a 'theory' than a direct presentation of 1 
facts. Given tlie accepted definition of refractinn, it is I 
a. matter of fact, and not of theoretic inference, thafcj 
wlnto light ia not ' homogeneal,' but composed of dif-,' 
fiTeutly refrangible rays. The demonstration ia ocular I 
iind complete. Having palpably decomposed the white ( 
light into itfl constituent colours, Newton recom- 
pDunded these colours to white light. Both the analysis 
and the synthesis are matters of fact. The so-called 
' theory of light and colours ' is in this respect very 
different from the corpuscular theory of light. New- 
toil's explanation of colour stands where it is, whetlier 1 
we accept the corpuscular or the undulatory theory ; I 
and it trtniids because it is at bottom, not a theory, bubJ 
a IhhIj of fact, to which theory must how or disappear. , 
Newtou himself pointed out that his views of colounl 
wont ontirt'ly independent of liia belief in the 'coi^J 
piweity' of light. 

AftM tefr»Hion-c«loiu^ tloethe turns to those pro- 1 
dii<M>d liy diltVttrtton, ftiid, ti^ fur as the phenomena are I 
t^mwrwwi, he d"als viry esh.nistively with the colaon 4 
fif thin plate* U*« studios th* c«lours of Newton'a | 
rittK* Ktth by n-lKvtpd nnd trAn^mitted light. Ha I 
f\Mv* thp i»ndil.»tu« uudtT whieh this elsss of colotin J 
i» imxItHH^l, «mI iUwslwlw tlw> mutlitti.>as by special I 
rAHM. U»» ^v^■•w« t\\)p>lh«*r tl*t »»Mfai.v» of i;la^ ob- I 
•K-rv^ the flaw* in tfirj»iftl« m*\ i» »«\ t*fere to (ho J 
iridvw^WM \a" «il m, wi*tTH\ h> thiwip *rf !vap-l«t>Ue^ i 
«)Ht to tlM> v^i^ittji i^\|t>wii tvf t«n(tiicr<nl »tcvl. He ia J 

|>h,V«K«l ihoVTY^ tW |M\V«4^ DtWit VV>M)\mv'« vJ'WntiN»< ] 
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Bisdia entangle him everywhere, leading him captive 

and committing him to almiist incredible delusions. 
The colours of tempered steel, he Bays, and kindred 
phenomena, may perhaps be quite conveniently deduced 
from the action of turbid media. Polished steel power- 
tully reflects light, and the colouring produced by 
heating may be regarded as a feeble turbidity, which, 
acted upon by the polislied surface behind, produces a 
bright yellow. Aa the turbidity auyments, this colour 
becomes deuse, until dually it exbibits an intense 
ruby-red. Supposing this colour to reacb its greatest 
proximity to darkness, the turbidity continuing to 
augment as before, we shall have behind the turbid 
medium a dark background, against which we have first 
violet, then dark blue, and finally light blue, thus com- 
pleting the cycle of the phenomena. The mind that 
could offer such an explanation as this must be quali- 
tatively different irom that of the natuial philosopher. 
The words 'quite conveniently deduced,' which I 
have italicised in the last paragraph, are also used by 
Goethe in another place. When the results of his ex- 
periments on prismatic colours had to be condensed ioto 
one commanding inference, he enunciated it thus : — • 
' Und BO lassen sieh die Farben bei Gelegeuheit der 
Eefraction aus der Lehre von den truben Mitteln gar 
bequem ableiten.' This is the crown of hia edifice, and it 
seems afeeble ending to so much preparation. Kingsley 
once suggested to Lewes that Goethe might have had a 
vague feeling that his conclusions were not sound, and 
that he felt the jealousy incident to imperfect con- 
viction. The ring of conscious demonstration, as it is 
understood by the man of science, is hardly to be found 
in the words, ' gar bequem ableiten.' They fall flaccid 
upon the ear in comparison with the mind-compelling 
Q.E.D. of Newton. 
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Throughout tlie firat 350 pages of his work, whereitl 
he develops and expounds liis own theory, Goetha 
reatraina himself with due dignity. Here and there 
there is a ruinhlc of discontent against Newton, but. 
there is no suatained ill-temper or denunciation. After, 
however, unfukling his on^n views, lie comes to what 
he calls the 'unmasking of the theory of Newton* 
Here Goethe deliberately forsakes the path of calm, 
objective research, and delivers himself over to the 
guidance of hia emotions. He immediately accuses 
Newton of misusing, aa an advocate, hia method of expo- 
sition. He goes over the propositions in Newton's optica 
one by one, and makes even the individual words of 
the propositions the objects of his criticism. He passes; 
on to Newton's experimental proofs, invoking, as he does: 
so, the complete attention of his readers, if they would, 
be freed to all eternity from the slavery of a doctrine' 
which has imposed upon the world for a hundred 
It might he thought that Goethe had given himself bul 
little trouble to understand the theorems of Newtoi 
and the experiments on which they were based, 
it would be unjust to charge the poet with any want oJ 
diJigence in this respect. He repeated New ton's experi- 
ments, and in almost every ca=e obtained his results. 
But he complained of their incompleteness and lack oi 
logical force. What appears to us as the very perfectionj! 
of Newton's art, and absolutely essential to the purity 
of the experiments, was regarded by Goethe aa needled] 
complication and mere torturing of tlie light. H 
spared no pains in making himself master of Newton' 
data, but he lacked the power of penetrating either' 
thflir particular significance, or of estimating the foree! 
and value of experimental evidence generally. 

He will not, he says, shock hia readers at the oiitsi 
by the utterance of a parados, but he cannot withhol 
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the assertion that by esperiment nothing can reallj be 
proved. Phenomena may be observed and classified; 
experiments may be accurately executed, and made thu3 
to represeut a certain circle of human knowledge; but 
deductions must be drawn by every man for liimself. 
Opinions of things belong to the individual, and we 
know only too well that conviction does not depend upon 
insight but upon will — that man can only assimilate 
that which is in accordance with his nature, and to 
which he can yield assent. la knowledge, aa in action, 
says Goethe, prejudice decides all, and prejudice, aa its 
name indicates, is judgment prior to investigation! It 
ia an affirmation or a ncgittion of what corresponds or 
ia opposed to our own nature. It is the cheerful activity 
of our living being in its pursuit of truth or of false- 
hood, as the case may be — of all, in short, with which 
we feel ourselves to be in harmony. 

There can be no doubt that Goethe, in thus philoso- 
phising, dipped his bucket into the well of profound 
self-knowledge. He was obviously stung to the quick 
by the neglect of the physicists. He had been the idol 
of the world, and accustomed as he was to the incense 
of praice, he felt sorely that any class of men should 
treat what lie thought important with iudiiference or 
contempt. He had, it must be admitted, some ground 
for scepticism as to the rectitude of scientific judgoiente, 
seeing that iiis researches on morphology met at first 
DO response, though they were afterwards lauded by 
scientific men. His anger against Newton incorporalea 
itself in sharp and bitter sarcasm. Through the whole 
of Newton's experiments, lie says, there runs a display 
of pedantic accuracy ; but how the matter really stands 
with Newton's gilt of observation, and with his experi- 
mental aptitudes, every min possessing eyea and Bensea 
may make himself aware. ^^Tiere, it may be boldly 
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asked, can the man be found, possessing the extra- 
ordinary gifts of Newton, who could suffer himself to 
be deluded by such a hocus ■poena, if he had not in t,h« 
first instance wilfully deceived himself? Only those 
who know the strength of self-deception, and the extent 
to which it Bometimps trenches on dishonesty, are in a 
condition to explain the conduct of Newton and of ' 
Newton's school. 'To supporthis unnatural theory,' be 
continues, 'Newton heaps experiment on experiment, 
fiction upon fiction, seeking to dazzle where he cannot 
convince.' 

It may be that Goethe is correct in affirming that 
the will and prejudiceofthe individual are all-influential. 
We must, however, add the qualifying words, ' as far as 
the individual is concerned.' For in science there exists, 
apart from the individual, objective truth ; and the fate 
of Goethe's own theory, though commHuded to us by 
BO great a name, illustrates bow, in the progress of 
humanity, the individual, if he err, is left stranded a 
forgotten — truth, independent of the individual, bei 
more and more grafted on to that tree of knowledge j 
which is the property of the human race. 

The imagined ruin of Newton's theory did not \ 
satisfy Goethe's desire for completeness. He would \ 
explore the ground of Newton's error, and show how it i 
was that one so highly gifted could employ his gifts for 
the enunciation and diffusion of such unmitigated 
nonsense. It was impossible to solve the riddle oc 
purely intellectual grounds. Scientific enigmas, he 
says, are often only capable of etiiical solution, ana ' 
with this maxim in his mind he applies himself, in the 
second volume of the ' Farbenlehre,' to the examination 
of ' Newton's Person lichkeit.' He seeks to connect him 
with, or rather to detach him from, the general character 
of the English nation — that sturdy nnd competent race, 
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vrhicli prizes above all things the freedom of individual 
action. Newton waa born in a etoi'm-tossed time — none 
indeed more pregnant in the history of the world. He 
waa a year old when Charles I. was beheaded, and he 
lived to see the first George upon the throne. The 
Bhotik of parties was in hia ears ; changes of Ministries, 
Parliaments, and armies were occurring before hia eyes, 
while the tlirone itself, instead of puBsing on by inherit- 
ance, was taken possession of by a stranger. What, 
asks Goethe, are we to think of a man who could put 
aside the claims, seductiong, and pas^ionB incident to 
such a time, for tlie purpose of tranquilly following out 
his bias as an investigator ? 

So singular a character arrests the poet's attention. 
Goethe biid laid down his theory of colours, he must add 
to it a theory of Newton. The great German is here 
at home, and Newton could probably no more have gone 
into these disquisitions regarding eharacUr, than Goethe 
could have developed the physical theories of Newton. 
He prefaces his sketch of his rival's character by reflec- 
tions and considerations regarding character in general. 
Every living thing, down to the worm that wriggles 
when trod upon, has a character of ita own. In this 
sense even the weak and cowardly have cliaracters, for 
they will give up the honoiu: and fame which most men 
prize highest, so that they may vegetate in safety and 
comfort. But the woid character is usually applied to 
the case of an individual with great qualities, who 
pursues his object undeviatingly, and without permit- 
ting either difficulty or danger to deflect him from his 
course. 

'AI '.hough here, as in other cases,'says Goethe,' it is 
the Exuberant (JJeherschivangliche) that impresses the 
imagination, it must not be imagined that this attribute i 
has anything to do with moral feeling. The main , 
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foujidation of the moral law is a good will ' wliich, In 
accordance with its own nahire, ia anxious only for the 
right. The main foundation of character la a strong 
will, without reference to right or wrong, good or bad, 
truth or error. It is that quality which every Paity 
prizes in its members. A good will cherishes freedom, 
it has reference to the iuner man and to ethical aims. 
The strong will belongs to Nature and has reference to 
the outpr world — to action. And inasmuch as the 
strong will in this world is swayed and limited by the 
conditions of life, it may almost he assumed as certain 
that it is only by accident tliat the exercise of a strong 
will and of moral rectitude find themselves in harmony 
with each other.' In determining Newton's position in 
the series of human characters, Ooethe helps himself to 
images borrowed from the physical cohesion of matter. 
Thus, be says, we have strong, firm, compact, elastic, 
flexible, riyid or obstinate, and viscous characters. 
Newton's character he places under the head of rigid or 
obstinate, and bis theory of colours Goethe pronounces 
to be a petrified aperpu,. 

Newton's assertion of hia theory, and his unwavering 
adherence to it to the end of his life, Goethe ascribes 
straight off to moral obliquity on Newton's part. In 
the heat of out discussion, he says, we have even ascribed 
to him a certain dishonesty. Man is subject to error, 
but when errors form a series, which is followed pertina- 
ciously, the erring individual becomes false to himself 
and to others. Nevertheless reason and conscience 
will not yield their rights, We may belie them, but 
they are rot deceived. It is not too much to say that 
the more moral and rational n man ie, the greater 

' I have rendered Goethe'a 'gnto Wiila' by ggod will; hie 
'WoUen,' which liecontraata with 'Wille,' I have rendered hj nrang 
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will be his tendency to lie when he falls iuto error, and 
the vaster will be that error when be makes up his miud 
to persist in it. 

This in all intended to throw light upon Newton. 
When Goethe passes from Newton himself to hisfollowers, 
the small amount of reserve which be exhibited when 
dealing with the master entirely disappears. He mocks 
theirblundersashaving'not even the merit of originality. 
He heaps scorn on Newton's imitators. The espression 
of even a truth, he says, loses grace in repetition, while 
the repetition of a blunder is impertinent and ridiculous. 
To liberate oneself from an error is difficult, sometimea 
indeed impossible for even the strongest and most gifted 
minds. But to take up the error of another, and. persist 
in it with stiffnecked obstinacy, is a proof of poor 
qualities. The obstinacy of a man of originality when 
he errs may make us angry, but the stupidity of tlie 
copyist irritates and renders us miserable. And if in 
our strife with Newton we have sometimes pa.-^sed the 
bounds of moderation, the whole blame is to be laid 
upon the Ecliool of which Newton was tbe head, whose 
iacompetence is proportional to its arrogance, whose 
laziness is proportional to its self-sufficiency, and whose 
virulence and love of persecution hold each other iu 
perfect equilibrium. 

Tliere is a great deal more invective of this kind, 
but yon will probably, and not witliuut sadness, con- 
sider this enough. Invective may Le a sharp weapon, 
but over-nse hkrats its edge. Even when the denuncia- 
tion is just and true, it is an erior of art to indulge in 
it too long. We not only incur the risk of becoming 
vapid, but of actually inverting tlie force of reproba- 
tion which we seek to arouse, and of bringing it hack 
by recoil upon ouraelvea. At suitable intervals, sepa- 
I fated from each other by periods of dignilied reserve. 
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invective may become a real power of the tongue or 

pen. But indulged in constantly it degenerates Into 
scolding, and tben, instead of being regarded aa a proof 
of strength, it is accepted, even in tbe case of a (Joethe, 
as an evidence of weakness and lack of self-control. 

If it were possible to receive upon a mirror Goethe's 
ethical image of Newton and to reflect it back upon its 
author, tben, aa regards vehement persistence in wrong 
thinking, the image would accurately coincide with 
Goethe himself. It may be said that we can only solve 
the character of another by the observation of our own. 
This is true, but in the portraiture of character we are 
not at liberty to mis together subject and object as 
Goethe mixed himself with Newton. So much for tbe 
purely ethical picture, On the scientific side Bome- 
thing more is to be said. I do not know whether 
psychologists have sufficiently taken into account that, 
as regards intellectual endowment, vast wealth may co- 
exist with extreme poverty. I do not mean to give 
utterance here to the truism that the field of culture is 
so large that the most gifted can master only a portion 
of it. This would be the case supposing the individual 
at starting to be, as regards natural capacity and poten- 
tiality, rounded like a sphere. Something more radical 
is here referred to. There are individuals who at 
starting are not spheres, hut hemispheres ; or, at least, 
spheres with a segment sliced away — fidl-orbed on one 
side, but flat upon tbe other. Such incompleteness of 
the mental organisation no education can repair. Now 
the field of science is sufficiently large, and its studies 
aufliciently varied, to brug to light in the same indi- 
vidual antitheses of endowment like that here indicated. 

So far as science is a work of ordering and classifi- 
eation, so far as it consists in the discovery of analogies 
and resemblances which escape tbe common eye — of 
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the fundamental identity which often exists among 
apparently diverse and imreliited things— so far, in 
short, aa it is observational, dcsuriptive, and imagi- 
native, Goethe, had be chosen to make his culture ex- 
clusively scientific, miijht have been without a master, 
jterhapa even without a rival. The instincts and ca- 
pacities of the poet lend tbein^flves freely to the 
natural-history sciencea. But when we have to deal 
with stringently physical and meclianical conceptions, 
such Instincts and capacities are out of place. It was 
in this region of mechauical coucepUons tbat Goethe 
failed. It was on this side that his apliere of endow- 
ment was sliced away. He probably was not the only 
great man who possessed a spirit thus antithetically 
mixed. Aristotle himself was a mighty classifier, but 
not B. stringent physical reasoner. And had Newton 
attempted to produce a Faust, the poverty of his in- 
tellect on the poetic and dramatic side migbt have been 
rendered equally manifest. But here, if not always, 
Newton abstained from attempting that for which he 
had no gift, while the exuberance of Goethe's nature 
caused him to undertake a task for which he had 
neither ordioation nor vocation, and in the attempted 
esecutioa of which his deficiencies became revealed. 

One task among; many^-one defeat amid a hundred 
triumphs. But any recognition on my part of Goethe's 
achievements in other realms of intellectual action 
would justly be regarded aa impertinent. You re- 
member tlie story of the first Napoleuo when the 
Austrian plenipotentiary, in arrangi ng a tre;ity of peace, 
began by formally recognising the French Republic. 
* Efface that,' said the First Consul ; ' the French Re- 
public is like the sun ; he is blind who fails to recog- 
nise iU' And were I to apeak of recognising Goethe's 
merits, my effacement would be equally well deserved. 
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* Goethe's life,' says Carlyle, 'IT we examine it, is well 
represented in that emblem of a solar day. Beautifully 
rose our summer sun, goigcmis io the red, fervid east, 
scattering the spectres and sickly damps, of both of 
wliieh there were enough to scatter; strong, benignant, 
in his noonday clearness, walking triumphant through 
tlie upper rtalros — and uow mark also how he aetal 
*' So Btirbt ein Held ; " so tiiea a hL=ro I ' 

Two grander illuptrationa of the aphorism ' To err 
is human' can hardly be pointed out in history than 
Newton and Goethe. For Newton went astray, not 
only as regards the question of achromatism, but also 
aa regards vastly larger questions touching the nature 
of light. But though as errors they full into the same 
category, the mistake of Newton was qualitatively dif- 
fei'ent from that of Goethe. Newton erred in adopting 
a wrong mechanical conception in his iheury of light, 
but in doing so he never for a moment quitted tlie 
ground of strict scientitic method. Goethe erred in 
seeking to engraft in bis ' Farbenlehre ' methods alto- 
gether foreign to physics or to the treatment of a 
purely physical theme. 

We frequently hear protests made against the cold 
mechanical mode of dealing with aesthetic phenomena 
employed by scientific men. The dissection by Newton 
of the light to which the world owes all its visible 
splendour seemed to Goethe a desecration. We find, 
even in our own day, the endeavour of Helmholtz to 
arrive at the principles of harmony and discord in 
music resented as an intrusion of the suienlific intel- 
lect into a region which oiight to be sacred to the 
human heai't. But all tJiis opposition and antago- 
nism has lor its essential cause the incompleteness 
of those with whom it originates. The feelings and 
aims with which Newton and Goethe respectively ap- 
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proached Nature were radically different, but they 
had an equal warrant IQ tlie constitution of man. As 
regardd our tastes and teodencies, our pleasures and 
pains, physical and mentul, our action and passion, our 
S0IT0W8, sympathies, and joys, we are the heira of all 
the agi*s that preceded us; and of the human nature 
thus }taiided down poetry is an element just as much 
as science. The emotions of man are ol ler than his 
understanding, and the poet who brightens, purifies, 
and exalts these emotions may claim a position in the 
world at least as high and as well assured as that of 
tlie man of science. They minister to different but to 
equally permanent needs of human nature ; and the 
incompleteness of which I complain consists in the 
endeavour on the part of either tv exclude the other. 
There is no fear that the man of science can ever 
destroy the glory of the lilies of the field ; there is no 
hope that the poet can ever successfully contend against 
OUT right to examine, in accordance with scientific 
method, the agent to which the lily owes its glory. 
There is no neces?ary encroachment of the one field 
upon the otler. Natiire embraces them both, and 
man, when he ia complete, will exhibit as Urge ;« 
toleration. 
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MAN is prone to idealisation. He cannot accept ai 
Snal the phenomena of the sensible world, but looka 
behind that world into another which rules the senaibla 
one. From thie tendency of the human mind systems 
ofmytholojiy and scientific theories have equally sprung'. 
By the former the erperiencea of volition, passion, 
power, and design, manifebted among ourselves, were 
transplanted, with the necessary modifications, into an 
unseen universe, from which the sway and potency of 
those miifjiiified hmnnn qualities were exerted. 'In 
thfi roar of thunder and in the violence of the storm 
was Mt tho pri!wuce of a shouter and furious strikers, 
and out of the rain was created an Indra or giver of 
rain.' It is 8ul>8tantia)ly (he same with science, the 
prinoijial force of which is ospended in endeavouring 
to rend (he veil which Ecparates the sensible world 
from an ultm-sentiible one. In botli cases our materials, 
drawn from the world of the senses, are modified by 
tlie iRiH)*inaUon to sMil, nUellcctual needs. The ' first 
beginnings ' of Lucn^tius wtva not objects of sense, but 
tbey iwrv Bvi^ri*«t«I aud ilUwtralt^ by objects of sense. 
Th« idea ot atoms pn>\Y\1 an mtIv want on the part of 
ninda in pursuit of the knowlwige of Nature. It has 
' Wrincn Hi Alp I.ui^n ftw Ih* llrsl t 
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never been relinquiahec!, and in our own day it is grow- 
ing steadily in power and precision. 

Tbe union of bodies in fixed and multiple propor- 
tions constitutes the basis of modern atomic theory. 
Tbe same compound retains, for ever, tbe same elements, 
in an unalterable ratio. We cannot produce pure 
water containing one part, by weight, of hyiirogen and 
nine of oxygen ; nor can we produce it when the ratio 
is one to ten ; but we can produce it from the ratio of 
one to eiyht, and from no other. So, also, when water 
is decomposed by the electric current, the proportion, 
as regards volumes, is as fixed aa in the case of weights. 
Two volumes of hydrogen and one of oxygen invariably 
go to the formation of water. Number and harmony, 
as in the Pythagorean system, are everywhere dominant 
in this under- world. 

Following the discovery of fixed proportions we 
have that of multiple proportions. For the same com- 
pound, as above stated, the elementary factora are con- 
stant ; but one elementary body often unites with 
another so as to form different compounds. Water, 
for example, is an oxide of hydrogen ; but a peroxide 
of that substance also exists, containitig exactly double 
the quantity of oxygen. Nitrogen also unites with 
oxygen in various ratios, but not in all. The union 
takes place, not gradually and uniformly, hut by steps, 
a definite weight of matter being added at each step. 
The larger combining quantities of oxygen are thus 
multiples of the smaller ones. It is the same with 
other combinations. 

We remain thus far in the region of fiict : why not 
rest there? It might aa well be asked why we do not, 
like our poor relations of the woods and forests, rest 
content with the facts of the sensible world. In virtue 
of our mental idiosyncrasy, we demand why bodies 
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should combine in multiple proportions, and the ont> ' 
come and answer of tliis question is llie atomic theory 
The definite wei^^hts of matter above referred ti 
represent the weights of atoms, indivisible by any force 
which chemistry has hitherto brought to Itear upon 
them. If matter were a continuum — if it were nfit 
rounded off, so to say, into these discrete atomic masses 
— the impassable breaches of oontitiuity which the law 
of multiple proportions reveals ooulJ not be accounted 
for. These atoms are what Maxwell finely calls 'the 
foundation-stones of the material universe/ which, amid 
the wreck of composite matter, ' remain unbroken and 
unworn.' 

A group of atoms drawn and held together by what 
chemists term affiniiy, is called a molecule. The 
ultimate parts of all compound bodies are molecules. 
A molecule of w.iter, lor example, consists of iwo atoms 
■ of hydrogen, which grasp and are grasped by one atom 
of oxygen. When water is converted into steam, the 
distances between the molecules are greatly augmented, 
but the moleeiilea themselves conlinne iotacl. We 
must not, however, picture the constitiieut atoms of 
any molecule ns held so rigidly together as to render 
intestine motion impossible. The interlocked atoms 
have still liberty of vibration, which may, under certain 
eireiimstances, become so intense as to shake the 
molecule asvinder. Most molecules — proliiibly all — are 
wrecked by intense hi-at, or in ottier words by intense 
vibratory motion ; and m,"my are wrecked by a very 
moderate hcit of the pwper (luiUity. lnde<^, a weak 
force which l»ea« a enitaWe relation to theconslilntioiQ 
of the iiiolivul^ can, by timely saving and acctimuta- 
Uons;, accomplish what a titmng forc« out of such rel^ 
tion lails to a^ievo. 

^^'e have h«l* a (limpsc of th« irorld in which tha 
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pbysical philosopher for the most part resides. Science 
has beendefiiiedaa' organised common sense,' by whom 
I have forgotten ; but, unlosa we stretch unduly the 
definition of common sense, I thinlc it is hardly applica- 
ble to this world of molecules. I should be incliued to 
ascribe the creation of that world to inspiration, rather 
than to what is currently known as common sense. For 
Ihe natural-history sciences the definition may stand — 
but hardly for the physical and mathematical sciences. 
The sensation of light is produced by a Buccession of 
waves which strike the retina in periodic intervals ; and 
Buch waves, impinginrr on the molecules of bodies, agitate 
their constituent atoms. These atoms are so small 
and, when grouped to molecules, are so tightly clasped 
together, that they are capable of tremors equal in 
rapidity to those of light and radiant heat. To a mind 
coming freshly to these subjects, the numbers with 
which scientific men here habitually deal must appear 
utterly fantastical; and yet, to minds trained in the 
logic of science, they express most sober and certain 
truth. The constituent atoms of molecules can vibrate 
to and fro millions of millions of times in a second. 
The waves of light and of radiant heat follow each other 
at similar rates through the luminiferous ether. Fur- 
ther, the atoms of different molecules are held together 
with varying degrees of tightness — they are tuned, aa it 
were, to notes of different pitch. Suppose, then, light- 
waves, or heat-waves, to impinge upon an assemblage 
of sncb molecules, what may be expected to occur? 
The same as what occurs when a piano is opened and 
aung into. The waves of sound select the strings which 
respectively respond to tliem — the strings, that is lo 
say, whose rates of vibration are the same aa their own. 
Of the whole series of strings these only sound. The 
vibratory motion of the voice, imparted first to the 
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air, IB taken up by the strings. It may fee Te^arJed 
as absorbed, each Btring constituting itself thereby 
a new centre of motion. Thus also aa regards the 
tightly- locked atoms of molecules on which waves of 
light or radiant heat impinge. Like the waves of 
sound just adverted to, the waves of ether select those- 
atoms whose periods of vibration sytichronisa with their 
own periods of recurrence, and to such atoms they 
deliver up their motion. It is thus that light and 
radiant heat are absorbed. 

And here the statement, though elementary, most 
not be omitted, that the colours of the prismatic apeo- 
tnim, which are presented in an impure form in the 
rainbow, are due to different rates of atomic vibration 
in their source, the sun. From the extieme red to the 
extreme violet, between which are embraced all colours 
visible to the human eye, the rapidity of vibration 
steadily increases, the length of the waves of ether pro- 
duced by these vibrations diminishing in the same pro- 
portion. I say 'visible to the human eye,' because 
there may be eyes capable of receiving visual impressioD 
from waves which do not affect ours. There is a vast 
store of rays, or more correctly waves, beyond the red, 
and also beyond the violet, which are incompetent to 
escite our vision ; so that could the whole length of the 
spectrum, visible and invisible, be seen by the same eye, 
its length would be vastly augmented. 

I have spoken of molecules being wrecked by & 
moderate amount of heat of the proper quality ; let ua 
! this point for a moment. There is a liquid 
called nitrite of amyl — frequently administered to 
patients Buffering from heart disease. The liquid is 
volatile, and its vapour is usually inhaled by the patient. 
Let a quantity of this vapoiu' be introduced into a wide 
glass tube, and let a concentrated beam of solar light 
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be Bent through the tube along its asis. Prior to the 
entry of the beam, the vapour is as invisible as the 
purest air. When the light enters, a bright cloud is 
immediately precipitated on the beam. This is entirely 
due to the waves of light, which wreck the nitrite of 
amyl molecules, the products of decomposition forming 
innumerdble. liquid particles, which constitute the cloud. 
Many other ga^es and vapours are acted upon in a 
similar mannei'. Now the waves that produce this de- 
composition are by no means the most powerful of those 
emitted by the sua. It is, for example, possible to 
gather up the ultra-red waves into a concentrated beam, 
and to send it through the vapour, like a beam of light. 
But though possessing vastly greater energy than the 
liglit waves, they fail to produce decomposition. Hence 
the justification of the statement already made, that a 
SLutable relation must subsist between the molecules 
and the waves of ether to render the latter effectual. 

A very impressive illustration of the decomposing 
power of the waves of light is here purposely chosen ; 
but the processesof photography illustrate the same prin- 
ciple. The photographer, without fear, illuminates hia 
developing-room with light transmitted through red or 
yellow glass; but he dares not use blue glass, for blue light 
would decompose his chemicals. And jet the waves of 
red light, measured by the amount of energy which 
they carry, are immensely more powerful than the 
waves of blue. The blue rays are usually called che- 
mical rays — a misleading term ; for, as Draper and 
others have taught ua, the rays that produce the 
grandest cJiemical efTeets in Nature, by decomposing 
the carbonic acid aud water which form the nutriment 
of plants, are not the blue ones. In regard, however, 
to the salts of silver, and many other compounds, the 
blue rays are the most effectual. How is it, then, that 
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wenk waves can produce effects nhich strong 
incompetent to produce ? TLis is a feature character- J 
istic of periodic motioDi In the esperinK-nt of Binging | 
into an open piano already referred to, it is the accord i 
suliaisting between the vibrations of tlie voice and those of 
the string that causes the latter to sound. Were this 
accord abt^ent, the iutenBity of tlie voice iniglit be quin- 
tupled, without producing any rei^onse. But when 
voice and string are identical in pitch, the successive 
impulses add themaelves together, and this addition 
renders them in the aggregate powerful, though in- 
dividually tbey may be weak. In some such fashion 
the periodic strokes of the smaller ether waves accumu- 
late, till the atoms on which their timed impulses im- 
pinge are jerked asunder, and what we call chemical 
decomposition ensues. 

Savart was the first to show the influence of musical 
Bounds upon liquid jets, and I have now to describe an 
experiment belonging to this class, which hears upon 
the present question. From a screw-tap in my little 
Alpine kitchen I permitted, an hour ago, a vein of water 
to descend into a trough, so arranging the flow that the 
jet was steady and continuous from top to bottom. A 
slight diminution of the orifice caused the continuous 
portion of the vein to shorten, the part further down 
resolving itself into drops. In my experiment how- 
ever the vein, before it broke, was intersected by the 
bottom of the trough. Shouting near the descending 
jet produced no sensible effect upon it. The higher 
notes of the voice, however powerful, were also ineffec- 
tual. But when the voice was lowered to about 130 
vibrations a second, the feeblest utterance of this note 
Bufliced to shorten, by one-half, the continuous portion 
of the jet. The responsive drops ran along the vein 
pattered against the trough, and scattered a copious 
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Bpray round their jjlace of impact. When the note 
ceaaed, tbe continuity and steadiness of the vein were 
immediately restored. The formation of the drops 
was here periodio i and when the vibrations of the note 
accurately synchronispd with the periods of the drops, 
the waved of sound aided what the illustrious Plateau 
proved to be the natural tendency of the liquid cylinder 
to resolve itself into spberules, and virtually decom- 
posed the vein. 

I have stated, without proof, that where absorption 
occurs the motion of the ether-waves is taken up by 
the constituent atoms of molecules. It is conceivable 
that the ether waves, in passing through an assemblage 
of molecules, might deliver up tlteir motion to each 
molecule as a whole, leaving the relative positions of the 
constituent atoms unchanged. But the long series of 
reactions represented by the deportment of nitrite of 
amyl vapour does not favour this couception ; for, were 
the atoms animated solely by a common motion, the 
molecules would not he decomposed. The fact of de- 
composition, then, goes to prove the atoms to be the 
seat of the absorption. They, in great part, take up 
the energy of the ether waves, whereby their union is 
severed, and the building-materials of the molecules are 
Bcattered abroad. 

Molecules differ in stability ; some of them, though 
hit by waves of considerable force, and taking up tiie 
motions of these waves, nevertheless hold their own with 
a tenacity which defies decomposition. And here, in 
passing, I may say that it would give me extreme 
pleasure to be able to point to my researches in con- 
firmation of the solar theory recently enunciated by my 
friend the President of the British Association, But 
though the esperiraenta which I have made on the de- 
composition of vapours by light might he numbered hj 
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the thousand, I have, to my regret, encountered no fact 
which proves that free aqueous vapour is decomposed by 
the solar rays, or that the buu is nourished by the re- 
combination of gHsea, in the severance of which it liad j 
previously sacrificed its heat. 

The memorable investigations of Leslie and Rum- 
ford, and the subsequent classical researches of Melloni 
and Knoblauch, dealt, in the main, with the properties 
of radiant heat ; while, in my investigations, radiant 
heat, instead of being regarded as ao end, was employed 
as a means of exploring molecular condition. On this 
score little could be said until the gaseous form of 
matter was brought under the dominion of experiment. 
This was first effected in 1859, when it was proved that 
gases and vapours, notwithstanding the open doorwhich 
the distances between their molecules might be supposed 
to offer to the heat waves, were, in many cases, able effec- 
tually to bar their passage. It was then proved that 
while the elementary gases and their mixtures, including 
among the latter the earth's atmosphere, were almost as 
pervious as a vacuum to ordinary radiant heat, the 
compound gases were one and all absorbers, some of 
them indeed taking up with intense avidity the motion 
of the ether waves, 

A single illustration will here suffice. Let a mix- 
ture of hydrogen and nitrogen in the proportion of three 
to fourteen by weight be enclosed in a space through 
which are passing the heat-rays from an ordinary stove. 
The gaseous mixture offers no measurable impediment 
to the raya of heat. Let the hydrogen and nitrogen 
now unite to form the compound ammonia. A magical 
change instantly occurs. The number of atoms present 
remains unchanged. The transparency of the com- 
pftund is quite equal to that of the mixture prior to 
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combination. No change is perceptible to the eje, but 
the keeo vision of eiperiment soon detects the fact 
that the perfectly transparent and highly attenuated 
ammonia resembles pitch or lampblack in its behaviour 
to the rays of obscure heat. 

There ia probably boldness, if not rashness, in the 
attempt to make these ultra-sensible actions generally 
intelligible, and I may have already transgressed the 
limits beyond which the writer of a familiar article 
cannot profitably go. There may, however, be a rem- 
nant of readers willing to accompany me, and for their 
Bakes I proceed. A hundred compounds might be 
named which, like the ammonia, are transparent to 
light but more or less opaque — often, indeed, intensely 
opaque — to the rays of heat from obscure sources. Now 
the difference between these latter rays and the light- 
rays is purely a difference of peilod of vibration. The 
vibrations in the case of light are more rapid, and the 
ether waves which they produce are shoiter, than in 
the case of obscure heat. Why then aJiould the ultra- 
red waves be intercepted by bodies like ammonia, while 
the more rapidly recurrent waves of the whole visible 
Bpectium are allowed free transmission ? The answer I 
hold to be that, by the act of chemical combination, 
the vibrations of the constituent atoms of the mole- 
cules are rendered so sluggish as to synchronise with 
the motions of the longer waves. They resemble loaded 
piano-strings, or slowly descending water-jets, requiring 
notes of low pitch to set them in motion. 

The influence of synchronism between the ' radiant ' 
and the ' absoibent' is well shown by the behaviour of 
carlHjnic acid gas. To the complex emission from our 
heated stove, carbonic acid would be one of the moat 
. transparent of gases. For such waves olefiant gas, for ex- 
mjiJe, would vastly transcend it in absorbing power 
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But when we select a radiant with whose wavcB the 
atoms of carbonic acid are in accord, the case ia entirely 
altei'ed. Such a radiant is found in a carbonic oxide 
flame, where the radiating body is really hot carbonic 
acid. To this special radiation carbonic acid ia the 
most opaque of gases. 

And here we find ourselves face to face with a 
question of great delicacy and importance. Both as a 
ladiator and as an absorber carbonic acid is, in general, 
a feeble gas. It is beaten in this respect by chloride of 
methyl, ethylene, ammonia, sulphurous acid, nitroua . 
oxide, and marsh gaa. Compared with some of these ' 
gaaes, its behaviour in fact approaches that of ele- 
mentary bodies. May it not help to explain their 
neutrality ? The doctrine is now very generally accepted 
that atoms of the same kind may, bke atoms of different 
kinds, group themselves to molecules. Affinity exists 
between hydrogen and hydrogen, and between chlorine 
and chlorine, as well as between hydrogen and chlorine. 
We have thus homogeneoua molecules as well as hetero- 
geneous molecules, and the neutrality so strikingly ex- 
hibited by the elements may be due to a quality of 
which carbonic acid turnishes a partial illustration. 
The paired atoms of the elementary molecules may be 
so out of accord with the periods of the ultra-red waves 
— the vibrating periods of these atoms may, for ex- ] 
ample, be so rapid — as to disqualify them both from 
emitting those waves, and from accepting their energy. | 
This would practically destroy their power, both as ' 
radiators and absorbers. I have reason to know that by i 
a distinguished authority this hypothesis has for some I 
time been entertained. 

We must, however, refresh ourselves by occasional ' 
contact with the solid ground of experiment, and an in- 
teresting problem now lies before us awaiting experi* 
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mentifil Bolution, Suppose 200 men to be scattered 

equably throughout the length of Pall Mall. By timely 
swerviDg now and then a runner from St. James'a " 
Palace to the Athenieum Club might be able to get 
through such a crowd without much hindrance. But 
supposing the men to close up so as to form a dense 
file crossing Pall Mall from north to south: Huch a 
barrier might seriously impede, or entirely stop, the 
runner. Instead of a. crowd of men, let us imagine a 
column of molecules under cimall pressure, thus resem- 
bling the sparsely-distributed crowd. Let us supposa 
the colaran to shorten, without change in the quantity 
of matter, until the molecules are so squeezed together 
as to resemble the closed file across Pall Mall. During 
these changes of density, would the action of the mole- 
cules upon a beam of heat passing among them re- 
semble the action of the crowd upon the runner ? 

We must answer this (luestion by direct experiment. 
To form our molecular crowd we place, in the first in- 
stance, a gas or vapour in a tube 38 inches long, the 
ends of which are closed with circular windows, air- 
tight, but formed of a substance which offers little or 
no obstruction to the ciilorifio waves. Calling the 
measured value of a heat-beam passing through this 
tube, when empty, 100, we carefully determine the pro- 
portionate part of this total absorbed when the molecules 
are in the tube. We then gather precisely the same 
number of molecules into a column 10*8 inches long, the 
one column being thus three and a half times the other. 
In this case also we determine the quantity of radiant 
heat absorbed. By the depression of a barometric 
column, we can easily and exactly measure out the pro- 
per quantities of the gaseous body. It is obvious that 
1 merciuy inch of vapour, in the long tube, would 
represent precisely the same amoant of matter — or in 
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other words tlie same number of molecules— aa 3J 
inchps in the short one ; while 2 inclies of vapour 
the long tube would be equivalent to 7 inches in the 
short one. 

The experiments have been made with the vapouni 
of two very volatile liquids, namely, sulphuric ether ' 
and hydride of amjl. The sources of radiant heat were, 
in some cases, an incandescent lime cylinder, and in 
others a spiral of platinum wire heated to bright red- 
ness by an electric current. One or two of the measure- 
ments will suffice for the purposes of illustration. First, 
then, as regards the lime-light :^For 1 inch of pressure 
in the long tube, the absorption was 18*4 per cent, of 
the total beam j while for 3-5 inches of pressure in the , 
short tube, the absorption was 18'8 per cent., or almost 
exactly the same as the former. For 2 inches pressure, | 
moreover, in the long tube, the absorption was 25-7 per 
cent. ; while for 7 inches, in the short tube, it was 25'6 
per cent, of the total beam. Thus closely do the ab- 
sorptions in the two ca^es run together— thus empha- 
tically do the molecules assert their individuality. As 
long as their number is unaltered, theii- action ou 
radiant heat la unchanged. Passing from the lime- 
light to the incandescent spiral, the absorptions of the 
smaller equivalent quantities in the two tubes were 
23*5 and 23'4 per cent,; while the absorptions of the 
larger equivaleut quantities were 32-1 and 32'(i per 
cent, respectively. This constancy of abforption, wlien 
the density of a gas or vapour is varied, I have called 
' the conservation of molecular action.' 

But it may be urged that the change of density in 
these esperiments has not been carried far enough to 
justify the enunciation of a law of molecular physics. 
The condensation into less than one-third of the space 
does not, it may be said, quite represent the close file 
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of men across Pall Mall. Let us therefore push matters 
tu extremes, and continue the condensation till the 
vapour has been squeezed into a liquid. To the pure 
change of density we shall then have added the change 
in the state of aggregation. The experiments here 
are more easily described than executed; nevertheless, 
by sufficient training, scrupiilous accuracy, and minute 
attention to details, success may be ensured. Knovfiog 
the respective specific gravities, it is easy, by calcula- 
tion, to determine the condensation requisite to re- 
duce a column of vapour of definite density and length 
to a layer of liquid of definite thickness. Let the 
vapour, for example, be that of sulphuric ether, and let 
it be introduced into our SS-inch tube till a pressure oi 
7'2 inches of mercury is obtained. Or let it he iiydride 
of amyl of the same length, at a pressure of 6'fi 
inches. Supposing the column to shorten, the vapour 
would become proportionally denser, and would, in 
each case, end in the production of a layer of liquid 
exactly 1 millimeter in thickness.' Conversely, a layer 
of liquid ether, or of hydride of amy!, of this thickness, 
were its molecules freed from the thrall of cohesion, 
would form a cohimn of vapour 38 inches long, at a 
pressure of 7'2 inches in the one case, and of 6-6 inches 
in the other. In passing through the liquid layer, a 
beam of heat encounters the same number of molecules 
as in passing through the vapour layer ; and our prob- 
lem is to decide, by experiment, whether, in both cases, 
the molecule is not the dominant factor, or whether its 
power is augumented, diminished, or otherwise over- 
ridden by the state of aggregation. 

Using the sources of heat before-mentioned, and 
employing diathermanous lenses, or silvered mirrors, to 
render the rays from those soiirces parallel, the absorp- 
' The millimeter is g'^tb of an incb. 
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tion of radiant heat was determined, first for the liquid 
iuyer, and then for its equivalent vaporous layer. As 
before, a representative esperiment or two will suffice for 
illustration. When the substance was sulphuric etlier, 
and the source of radiant heat an incandescent platinum 
spiral, the absorption by the column of vapour was 
found to be 66'7 per cent, of the total beam. The 
absorption of the equivalent liquid layer was next de- 
termined, and found to be 67"2 per cent. Liquid and 
vapour, therefore, differed from each other only 0"5 per 
cent. : — In other words, they were practically identical 
in their action. The radiation from the lime-light haa 
a greater power of penetration through transparent 
Buhstances than that from the spiral. In the emisdoD 
from both of these sources we have a mixture of obscure 
and luminous rays ; hut the ratio of the latter to the 
former, in the lime-light, is greater than in the spiral; 
and, as the very meaning of transparency is perviousness 
to the luminous rays, the emission in which these raya 
are predominant must pass most freely through trans- 
pttront sube^tances. Increased transmission implies dimi- 
nished absorption; and, accordingly, the respective ab- 
sorptions of ether vapour and liijuid elher wben the 
lime-light was used, instead of being 66*7 and 67*3 per 
oeaU, were foimd to be — 
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no difieretrae whatever being obeerved between the tim I 
titstes of ii$^i«gatioQ. The same was fotmd tme of | 
liydride of amvl. 

This constancy and continuity of the action exeit«d I 
on tbfi waves of heat when the state of aggregatioi is 
rhau^l I haw called 'the thermal coatiuaity of 
liquiita and vapours.' It is, I think, tbe Btrvngeet 
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illustration hitherto adduced of the conservation of 
molecular action. 

Thus, by new methods of fearch, we reach a result 
which was long ^{^0 enunciated on other grounds. 
Water is welt known to be one of the moat opaque of 
liquids to tlie waves of obscure htat. But if the re- 
lation of liquids to their vapours be that here shadowed 
forth — if in both cases the molecule asserts itself to be 
the dominant factor — then the dispersion of the water 
of our seas and rivers as invisible aqueous vapour in our 
atmosphere, does not annul the action of the molecules 
ou Bolar and terrer^trial heat. But as aqueous vapour is 
transparent — which, as before explained, means pervious 
to theluminoua rays — and as the emission from the sun 
abounds in such rays while from tbe earth's emission 
they are wholly absent, the vapour screen offers a far 
greater hindrance to the outflow of heat from the earth 
towards space than to the inflow from the sun towards 
the earth. The elevation of our planet's temperature 
is therefore a direct consequence of the existence of 
aqueous vapour in our air. Were that garment re- 
moved, terrestrial life would probably perish through 
the consequent refrigeration. 

I have thus endeavoured to give some account of 
recent incursions into that ultra-sensible world — the 
world of the ' scientific imagination' — mentioned at 
the outset of this paper. Invited by my publishers, 
with whom I have so long worked in harmony, to send 
some contribution to the first number of their new 
Magazine, I could not refuse them this proof of my 
good- will. 

NOTB. — The researches glanced at in the forecroing brief article 
have been published mi extenio \a the 'Philosophical TraVisacUojis." 
I wa!ild inv ite to them and others, ia their coireut historical sequenco, 
1 of mj friend Professor Ton Hofmaim. 
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ON a l>ii}iht calm day in the autumn of 1872— that 
portion of the year called, I believe, in America the 
Indiau eummer — I made a pilijrimage to the modest 
birthplace of Count Rumford. Sly guide on the occasion 
was Dr. George Ellia of Boston, and a more competent 
guide I could not possibly have had. To Dr. Ellis the 
Amerioao Academy of Arts and Sciences had committed ^ 
the taak of writing a life of Riimfordj and this labour of 
love had been accomplished in 1871, a year prior to my 
visit to the United States. In regard to Rnmford's I 
personal life, Pr. Ellis's eh^borate volume constitutes, J 
if I may so speafe, the quarry out of which the building- j 
materials of these lectures are drawn. The life of sucfa 
a man, however, cannot be duly taken in withoot 
reference to bis work, and the publication by the , 
American Academy of Sciences of four lai^e volumes of ■ 
Rumford's essays renders the task of dealing with hia ff 
labours lighter than it would have been had his writing* 1 
been suflered to remain scattered in the mi^azinea^ I 
journals, and trau^iactious of learned societies in whidt I 
they oi'ig;iually a^^peared. 

The name of Count fiumfoni was Benjamin Thomp- 1 
ton. For tbirtjT years he was the couCemporaiy of ' 

* Vton a thoil coiine of lectures doliinireil in the Koyal 
lDi4itUtitHi 
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another Benjamin, who reached a level of fame as high ag 
his own. Benjamin Franklin and Benjamin Thompson 
were born witliin twelve miles of each other, and for 
six of the thirty years just referred to the one lived in 
England and tlie other in France. Still, there is nothing 
to show that they ever saw each other, or were in any 
way acquainted with each other, or, indeed, felt the 
least interest in each other. As regards posthumous 
fame, Rumford has fared worse than Friinklin. Forten, 
or perhaps a hundred, people in this country who know 
something of the career of the one, hardly a unit is to 
be found acquiiinted with the career of the other. 
Among scientific men, however, the figure of Rumford 
presents itself with singular impressivenes^ at the 
present day — a result mainly due to the establishment 
of the grand scientific generalisation known as the 
Mechanical Theory of Heat. Boyle, and Hooke, and 
I^cke, and Leibnitz, had already distinctly ranged 
themselves on the side of this theory. But by experi- 
ments conducted on a scale iioesampled at the time, 
and by reasonings, founded on these eiperiments, of 
eingulai force and penetration, Rumford has made him- 
self a conspicuous landmark in the history of the theory. 
His inference from his experiments was that beat is a 
form of motion. 

The town of Woburn, connected in my memory with 
a cultivated companion, with genial sunshine and the 
bright colouring of American trees, is nine miles distant 
from the city of Boston. In North Woburn, a little way 
ofif, on March 26, 1753, Rumford was horn. He came of 
people who had to labour for their livelihood, who tilled 
their own fields, cut their own timber and fuel, worked 
at their varied trades, and thus maintained the in- 
dependence of New England yeomen. Thompson's 
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father died wLen he was two years old. His mothtn ' 
married again, and had children byher second busLand; 
but the affection between her and herSrstborn remained 
strong and unbroken. The arrangements made for the 
maintenance of mother and sou throw some light upon 
their position. She was to have the use of one-half of 
a garden ; the privilege of land to raise beana for sauce; 
to receive witliin a specified time 80 ' weiglit' of beef, 
8 busbela of rye, 2 bushels of malt, and 2 barrels of 
cider. Finally, she had the right of gathering apples . 
to bake, and a further allowance of three busheU of ] 
apples every year. 

The fatherless boy had been placed under tbs care 
of a guardian, from whom his Bteplather, .losiah Pierce, 
received a weekly allowance of two shillings and five- 
pence for the cliild'a maintenance. Young Thompson 
received his first education from Mr. John Fowle, a 
graduate of Harvard College, described by Dr. Ellis as 
'an accomplished and faithful man.' He also went to 
a Bchool at Bjfield, kept by a relation of his own. At > 
the age of eleven he was placed for a time under the J 
tuition of a Mr. Hill, ' an able teacher in Medford,' ad- . 
joining Woburn. The lad's mind was ever active, j 
his invention incessantly exercised, but for the most I 
part on subjects apart from his daily work. In relation ' 
to that work he came to be regarded as ' indolent, j 
flighty, and unpromising.' His guardian at length 1 
thinking it advisable to change his vocation, apprenticed '. 
him in October 1 766 to Mr. John Appieton, of Salem, 
an importer of British goods. Here, however, instead 1 
of wooing customers to his master's counter, he occupied 1 
bimsflf with tools and implements hidden beneath it.. f 
He is reported to have been a skilful musician, passi 
ately fond of music of every kind ; and during bis stay I 
with Mr. Appieton, whenever he could do so without J 
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I'beard, he solaced his leisuie vith ^ 

^^ By Qia Rev. Thomas BarnLr 
and his son, young Thompso^ 
geometry, and astronomy. By selMjacticeJie becatni' 
an able and accurate draughtsman.^^6C(ijd not escape 
that last infirmity of ingenious minds^^^'t^ Siaii^'i^-^ 
construct a perpetual motion. He experiaieuted with 
firewurks,and was once seriously burnt by the unexpected 
ignition of his materials. Hia ioquisitiveneas is illua- 
trated by the questions put to his friend Mr. Baldwin 
in 1769. He witibes to be told the direction pursued 
by the rays of light under certain conditions ; he desires 
to know the cause of the change of colour which fire 
produces in clay. * Please,' he adds, ' to give the nature, 
essence, beginning of existence, and rise of the wind in 
general, with the whole theory thereof, ao as to be able 
to answer all questions relative thereto,' One might 
I^ suppose him to be preparing for a competitive examina- 
■^ tion. He grew expert in drawing caricatures, a spirited 
- group of which has been reproduced by Dr. Eltw. It 
is called a Counciluf State, and embracesa jackass with 
twelve human heads. These sketches were found in a 
mutilated scrap-book, which also contained a kind of 
journal of his proceedings in 1769. He mentions a 
French class which he attended in the evenings, records 
the purchase of a ceiiain nn-as\ire of black cloth, states 
his debt to his uncle, Hiram Thompson, for part of the 
rent of a pew. The liabilities thus incurred he met by 
cutting and carting drewood. Mixed with entries such 
as these are ' directions for the backsword,' in which the 
postures of the combatants are defined and illustrated 
by sketches. The scrap-book also contained an account 
of the expense ' towards getting an electrical machine.' 
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Soon afterwards he began the study of medicine tmSi 
Dr. John Hay, of Wobum. 

Thompson kept a strict account of his debts to Dr. 
Hay, crediting him with such thingaas leather g!oveB,aDd i 
Mtb, Hay with knittinghimapairofBtockinga, These 
items he tacka on to the more seriouB cost of bis hoard, 
from December 1770 to June 1772, at forty shillings, 
old currency, per week, amounting to 1 56/. The specie 
payments of Thompson were inGuitesimal, eij^ht of them 
amounting in the aggregate to '31. His further forms 
of payment illustrate the habits of the community in 
which he dwelt. Want of money caused them to fall 
back upon barter. He deliited Dr. Hay with the follow- 
ing items, the value of which no doubt had been pre- 
viously agreed upon between them:— 'To ivory for 
smoke machine; parcels of butter, coffee, sugar, and 
tea ; parcels of various drugs, camphor, gum benzoine, 
arsenic, calomel, and rhubarb ; one-half of whitt sheep- 
skin leather; brass wire ; white oak timber ; to sundry 
lots of wood; to other lots delivered while I was at 
Wilmington, and left hyme when I was at Wilmington 
the last time ; to a blue Huzza cloak, bought of Zebe- 
diab Wyman, and paid for by fifteen and a half cordB 
of wood ; a pair of knee buckles ; a chirui-gical knife ; 
to a cittern, and to the time I have been absent from 
your house, nineteen weeks at forty shillings ; and for 
the time my mother washed for me.' To help him, 
moreover, to eke out the funds necessary for the pro- 
secution of bis studies, Thompson tried his hand from 
time to tim.B at school-teaching. 

At this early age — for he was not more than seven- , 
teen — he bad learnt the importance of order in the dis- 
tribution of his time. The four-and- twenty hours of a 
single day are thus spaced out : — ' From eleven to six, , 
sleep. Get up at six o'clock and wash my hands and i 
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face. From six to eigbt, exercise one-tialf, and £tudy 
one-lalf. From ejglit to ten, breakfast, attend prayers, 
&o. From ten to twelve, study all the time. From 
twelve to one, dine, &c. From one to four, study con- 
stantly. From four tofive,relieve my mind by some di- 
version or exercise. From five till bedtime, follow what 
my inclinatiun leads me to ; whether it be to gn abroad, 
or stay at home and read either Anatomy, Physic, or 
Chemistry, or any otlier book I want to peruse.' 

In 1771 he managpd, by walking daily from Woburn 
to Cambridge and back, a distance of some sixteen 
miles, to attend the lectures an natural philosophy 
delivered by Professor Winthrop in Harvard College. 
This privilege was secured to him by his friend Mr. 
Baldwin. Tliompson had taught school tor a short time 
at Wilmington, and afterwards for sis weeks and three 
days at Bradford, where his repute roee so high that 
he received a call to Concord, the capital of New 
Hampshire. The Indiiin name of Concord was Pena- 
cook. In 1733 it had lieen incorporated as a town in 
Essex County, Massaclnisetts, Some of the early 
settlers had come from the English Essex ; and, as 
regards pronunciation, they carried with them the name 
of the English Essex town, Romford, of brewery cele- 
brity. They, however, changed the first o into u, call- 
ing the American town Rumford. Strife had occurred 
as to the county or State to which Rumford helonged. 
But the matter was amicably settled at last ; and to 
denote the subsequent harmony, the name was changed 
from Rumford to Concord.' In later years, when hon- 

' Not to be confounded with the Concord rendereii fatnons aa 
the dweUing-place of Kmorson. In ourineotion with the foregoing 
tnbject I have been favoured with the following iutereBting letter: — 
' Addiaon Lodge, Bamea, S.W. : Attgna 19. 

' UkA,. oiu,— I venture to proffer a remarknpon a delail in yooi 
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ours fell thick upon him, Rumford was made a Co'udI 
■jf the Holy Roman Empire. He chose for his title 
Count RiimfonI, in memory of his early association with 
Concord. 

'When Benjamin Thompson went to Concord aaa 
teacher, he was in the glory of his youth, not having 
yet reached mauhood. His friend Baldwin describes 
him as of a fine manly make and figure, nearly sis feet 
ill height, of handsome features, bright blue eyes, and 
dark auburn hair. He had the manners and polish of a 
gentleman, wiih fascinating ways and an ability to 
interesting paper upon Comit Rumford. Mjapologyfor bo doing is 
tbat I am a Romford man, and that I think yon may care for ttie 
mere crumb of information I posaesa bearing npan the spelling and 
pronnncialion of the name of my nalivB place. 

' Romford is always pronnnnced Rumford by Essex folk. When 
I was a boy it was ipelled almost indilYerentlj, Bomford and Bnm- 
ford. I remember that the post-mark in mj scbool-days (some fortj 
years ago) was Rnmford. Noiden's map of Essei (16U9) has Hum- 
torde ; and on Bowen's map (1 77S) the spelling is the same — ^Rum- 
ford. The registcrB in the vestry book, from 1665 until some fifty 
years ago, give Num/ord. So f liat 1 think it safe to say that the 
traditional spelling and piominciation with the Essex settlers at 
Concord mast have been Enmford. I must, however, add— bnti 
tear I am hajdly justified in troubling you with bo long a note — 
I hat the o occors in two Latin entries in the Begieter: — 
' " 1661, Baptizata fnit Anna Baylie filia Hugonis Ciasor, Romford." 
' And In the same year there is an entry of a buiial with " Rom* 
foidiae." T believe it was the Latinising of Rumford that modified, 
the vowel, the alteration being prompted by the mistaken notion that 
the etymology of tlie place was Eoman-tord. That the Ram is Eng- 
lish (abroad) ifl, 1 think, hardly open to question. The nearest/wJ 
towD is Jfford, with which the roomy ford contrasts. Of late the 
singgish little river has come lo be called the river Bom. This is 
quite a novel " notion," and is quite local. 

' Thanking yon for the pleasure and profit I hai e derived from 
reading yonr artiule, 

■ T remain, dear Sir, 

' Yours very faithfully, 

'Hbnbv Attweli. 

■ ProtesBor Tyndall, F.B.S., *o., Ao., &c' 
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make himself agreeable.'' Thus writes bis biogiapher. 
In Concord, at tbe time of Tbompgou'a arrival, dwelt 
the widow of Colonel Eolfe with her inl'aut son. Her 
husband had died in December 1771, leaving a large 
estate behind him. Thompson was indebted to Mrs. 
Rolfe'B father, the Rev. Timothy Walker, minister of 
Concord, for counsel, and to her brother for civility 
and hospitality. The widow and tbe teacher met, and 
their meeting was a prelude to Iheir marriage. Rum- 
ford, somewhat ungallantly, told his friend Pictet in 
after-years that she married him rather than he her. 
She waa obviously a woman of decision. As soon aa 
they were engaged an old curricle, left by her father, 
was tished up, and, therein mounted, bhe carried 
Thompson to Boston, and committed him to the care 
of the tailor and hairdresser. This journey involved a 
drive of sixty miles. On the return journey, it is said, 
they called at the house of Thompson's mother, who 
when she eaw him exclaimed, ' Why, Ben, my son, how 
could you go and lay out all your winter's earnings in 
finery?' Tliompson was nineteen when he married, 
his wife being thirty-three. 

In 1772 he became acquainted with Governor Went- 
worth, then resident at Portsmouth. On the 13th of 
November there was a grand military review at Diiver, 
Kew Hampshire, ten miles from Portsmouth, at which 
Thompson was present. On two critical occasions in 
the life of this extraordinary man his appearance on 
horseback apparently determined hia career. As he 
rode among the soldiers at Dover, his figure attracted 
the attention of the governor, and on the day following 
he was the great man's guest. So impressed waa 
Wentworth with his conversation that he at once made 
up his mind to attach Thompson to the public aerviee. 
' Ellia, p, 43. 
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To aecure this wise end he adopted ti 
vauancy having occurred in a majorsliip in the Second 
Provincial Regiment of New Hampshire, Governor 
Wertworth at once commissioned Thompson to fill it.' 
Jealousy and enmity naturally followed the appoint- 
ment of a man without name or fame in the army, over 
the heads of veterans with infinitely atrooger claims. 
He rapidly became a favourite with the governor, and 
on his proposing, soon after his appointment, to make 
a survey of the White Mountains, W'entworth not 
only fell in with the idea, hut promised, if his puhlio 
duties permitted, to take part in the survey himself. 
It will be rememhered that at this time ThomjBon 
was not quite twenty years old. 

Fora moment, in 1773, he appears in the character 
of a farmer, and invokes the aid of a friend to procure 
for him supplies of grass and garden seeds from Eng- 
land. But amid preoccupations of this kind his 
scientific bias emerges. After a brief reference to the 
seed procured for him by his friend Baldwin, he pro- 
poses to the latter the following question : ' A certain 
cistern has three brass cocks, one of which will empty 
it in fifteen minutes, one in thirty minutes, and the 
other in sixty minutes, Qu. How long would it take 
to empty the cistern if all three cocks were to be 
opened at once ? If you are fond of a correspondence 
of this kind, and will favour me with an easy question, 
aritlmetical or algebraical, I will endeavour to give as 
good an account of it as possible. If you find out an 
answer to the above immediately, I hope you will 
not take as on affront my proposing anything which 
you may think so easy, for I must confess I scarce ever 
met with any little notion that puzzled me so much in 
my life.' 

In 1774 the ferment of discontent with the legisla- 
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tion of the mother country had spread throughout the 
oolony. Cluba and committees were formed which often 
compelled men to take eides before the requisite data 
for forming a clear judgment had been obtained. 
' Our candour,' aajs Dr. Ellis, ' must persuade ub to 
allow that there were reasons, or at least prejudices and 
apprehensions, which might lead honest and right- 
hearted men, lovers and friends of their birthland, to 
oppose the rising spirit of independence, as inflamed by 
demagogues, and as foreboding discomfiture and mis- 
chief.' Thompson became 'suspect,' though no record 
of any unfriendly or unpatriotic act or speech on his 
part is to be found. He was known to be on friendly 
terms with Governor Wentworth ; but the governor, 
when he gave Thompson his commission, was highly 
popular in the province. Prior to Wentworth's acces- 
Bion to o^ce he ' had strongly opposed every measure 
of Great Britain which was regarded aa encroaching 
upon our liberties.' He thought himself, nevertheless, 
in duty bound to stand by the royal authority when it 
was openly defied. This rendered him obnoxious. 

Thompson was a man of refractory temper, and the 
circumstances of the tinie were oulj too well calculated 
to bring that temper out. 'There was something,' 
says Dr. Ellis, 'exceedingly humiliating and degrading 
to a man of an independent and self-respecting spirit 
in the conditions imposed at times by the " Sons of 
Liberty," in the process of cleansing oneself from the 
taint of Toryism. The Committees of Correspondence 
and of Safety, whose services utaod glorified to ua 
through their most efficient agency in a successful 
struggle, delegated their authority to every witness or 
agent who might be a self-constituted guardian of 
patriotic interests, or a spy, or an eavesdropper, to 
catch reports of suspected persona.' Human nature 
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ia everywhere tae Bame, and to protect a cherished caiisa 
these ' Sous of Liberty ' sometimes adopted the tacLioa 
of the Prtpal Inquisition. 

Public feeling grew day by day more exasperated 
against Thompson, and in the summer of 1774 he was 
summoned before a committee to answer to the charge 
of being unfriendly to the cause of liberty. 'He denied 
the charge, and challenged proof. The evidence, if any 
such was offered — and no trace of testimony, or even of 
imputation of that kind is on record — was not of a sort 
to warrant any proceeding against liim, and he was dis- 
charged.' This, however, gave him but little relief, and 
extra-judicial plots were formed against biro. The 
Concord mob resolved to t-jike the matter into their own 
hands. One day they collected round his house, and 
with hoots and yells demanded that Thompson should 
be delivered up to them. Having got wind of the 
matter he escaped in time. In a letter addressed to 
his father-in-law at this time from Charlestowu, near 
Boston, he gives his reasons for quitting home. 'To 
have tarried at Concord and have stood another trial at 
the bar of the populace would doubtless have been 
attended with unhappy consequences, as my innocence 
would have stood me in no stead against the prejudices 
of an enraged, infatuated multitude — and much tesa 
against the determined ^■illainy of my inveterate enemies, 
who strive to raise their popularity on the ruins of my 
character.' 

He returned to his mother's house in Wobum, 
where be was joined by his wife and child. While they 
were with him, shots were exchan^'ed and blood was 
shed at Concord (Emerson's Concord) and Lexington. 
Thompson was at length arrested, and confined in Wo- 
bum. A ' Committee of Correspondence ' was formed 
to inquire into his conduct. They invited everyone who 
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could give evidence in tlie affair to appear at the meelinijf- 
house on May 18. The committee met, but finding 
DothingagaiDBt the accnsed, they adjourned the meeting. 
He then addressed a petition to the Committee of Safety 
for the colony of Massachusetts Bay, in which he begged 
for a full and searching trial, relying on an acquittal 
commensurate with the thoroughness of the examination. 
The petition was not attended to. On May 29, 1775, 
he was examined at Wobum, where he conducted his 
own defence. He was acquitted hy the committee, who 
recommended him to the ' protection of all good people 
in this and the neighbouring provinces.' The com- 
mittee, however, refused to make thisacijiiittal a public 
one, lest, it was alleged, It should offend those who were 
opposed to Thompson. 

Despair and disgust took possession of him more and 
more. In a long letter addressed to his father-in-law 
from WobiuTi, he defends his entire course of conduct. 
His principal offence was probably negative ; for silence 
at the time was deemed tantamount to antagonism. 
During his brief period of farming he had working for 
bim some deserters from the British army in Boston. 
These he persuaded to go hack, and this was urged as a 
crime against bim. He defended himself with spirit, 
declaring after be had explained his motives that if his 
action were a crime, he gloried in being a criminal. He 
made up his mind to quit the country, expressing the 
devout wish ' that the happy time may soon come when 
I may return to my family in peace and safety, and 
when every individual in America may sit down under 
his own vine and under his own fig-tree, and have none 
to make him afraid.' 

On this letter, and on the circumstances of the time, 
Dr. Ellis makes the following wise and pertinent re- 
raaiks: 'Major Thompson was not the only person in 
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those troubled timea that had occasion to charge upon 
those espousing the championBhip of puUic liberty 8 
tyrannical treatment of individuals who did not accord 
with their schemes or views. Probably in our late war 
of rebellion his case was paralleled by those of hundreds 
in both fectioQS of our country, who, with halting and 
divided minds or unsatisfied judgments, were arrested 
in the process of decision by treatment from others 
which put them under the lead of passion. The choice 
of a great many Royalists in our revolution would have 
been wiser and more satisfactory to themselves, had 
they been allowed to make it deliberately.' On October 
13, 1775, Thompson quitted Wobum, reached the shore 
of Narraganset Bay, and went on board a British frigate. 
In this vessel he was conveyed to Boston, where he re- 
mained until the town was evucuated by the British 
troops. Thenewsofthiscatastrophebecairied to England. 
Henceforward, till the close of the war, he was on the 
English side. As a matter of course, he was proscribed 
by bis countrymen, and his property con6scated. 

Thomp:-on was not only a man of great capacity, 
but, in early days, of a social pliancy and teachableness 
which enabled him with estreme rapidity to learn the 
manners and fall into the ways of great people. On 
the English side the War of Independence was begnn, 
continued, and ended, in ignorance. Even now we can 
hardly read the pages of * The Virginians ' which refer 
to these times without exasperation. Blunder followed 
blunder, and defeat followed defeat, until the knowledge 
which ought to have been ready at the outset c 
late. Thompson for a time was the vehicle of such be- j 
lated knowledge. He was immediately attached to the ] 
Colonial Office, then ruled over by Lord George Gei^ j 
main. Cuvier, in his ' Eloge,' thus describes his fin* | 
interview with that Minister ; * On this occasion, by the j 
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cTearneBe of his details and the gracefulness of hia man- 
nere, he insinuated himself bo far into the graces of 
Lord George Ciermaio that he took him into his em- 
ployment.' With Lord George he frequently bieak- 
faated, dined, and supped, and was occasionally his 
guest in the country. But besides giving information 
useful to his chiefs, he occupied himself with other 
matters. He was a bom esp e ri men tali st, handy, in- 
genious, full of devices to meet practical needs. He 
turned his attention to improvenienta in military 
matters; 'advised and procured the adoption of bayonets 
for the fusees of the Horse Guards, to be used in 6ght- 
ing on foot.' He had previously been engaged with 
experinaents on gunpowder, which he now resumed. 
The results of these experiments he communicated to 
Sir Joseph Banks, then President of the Royal Society, 
with whom he soon became intimate. In 1779 he was 
elected a Fellow of the Royal Society. 

When the war had become hopeless, many of the 
exiles who had been true to the Royalist cause came to 
England, where Thompson's official position imposed on 
hjm the duty of assuaging their miseries and adjusting 
their claims. In this connection, the testimony of Dr. 
Ellis regarding him is that, ' so far as the relations be- 
tween these refugees and Mr. Thompson can be traced, 
I find no evidence that he failed to do in any case what 
duty and friendliness required of him.' Still he did 
not entirely escape tlie censure of his outlawed fellow- 
countrymen, One of them iu particular had been a 
judge in Salem when Thompson was a shopboy in 
Appleton's store. Judge Curwen complained of Thomp- 
son's fair appearance and un candid behaviour. He must 
have keenly felt the singular reversal in their relations. 
•This young man/ says the judge, ' when a shop-lad to 
my next neighbour, eve-- appeared active, good-natured, 
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and sensible ; by a strange concurrence of events, he ii 
now Under-Secretary to the American Secretary of Slate, 
Lord George Germain, a Secretary to Georgia, Inspector 
of all tlie clothing eeot to America, and Lieutenant* 
Colonel Commandant of Horse Dragoons at New York ; 
hia income from these sources ie, I have been told, near 
7,000/,' a year— a sum infinitely beyond his most 
sanguine expectation a.' 

As the prospects of the war darkened, Thompson's 
patron in England became more and more the object of 
attack. The people had been taxed in vain. England 
was entjingled in Continental war, and it became gra- 
dually recognised that the subjugation of the colony 
waa impot^sible. Burgoyne had surrendered, and the 
issue of the war hung upon the fate of Cornwallii^. On 
October 19 he also waa obliged to capitulate. The 
effect of the disaster upon Lord North, who was then 
Prime Minister, is thns described by Sir M. W. Wrax- 
all: — 'The First Minister's firmness, and even his pre- 
sence of mind, gave way for a short time under this 
awful disaster. I asked Lord George afterwards how 
he took the communication. "As he would have 
taken a ball in his breast," replied Lord George ; " he 
opened his arms, exclaiming wildly, as be paced up and 
down the apartment during a few minutes, ' God ! it 
Is all over I "■ ' 

To Tliompsoii'a credit be it recorded, that be showed 
DO tendency to desert the cause he had espoused when 
he found it to he a failing one. In 1782 his chief was 
driven from power. At this critical time he accepted 
the commission of lieutenant-colonel in the British 
army, and rvtunied to America with a view of rallring 
for a final istaod such forces as he might fi^nd capable 
of oiganj'iiitJon. He took with him four pieces t^ 
* nia Dr. EIli« ooaajden t« be » delu^oo. 
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artillery, with which he made experimenta during the 
voyage. His destination was Long Island, New York, 
but stieca of weather carried him to Charleston, South 
Carolina. ' Obliged,' says Pictet, ' to pass the winter 
there, ha was made commander of the remains of the 
cavalry in Ihe Royal army, which was then under the 
orders of Lieuteii ant-General Ijeslie. This corps was 
broken, but he promptly restored it, and won the confi- 
dence and attachment of the commander. He led them 
often against the enemy, and was always succeBxful in 
hia euterpriEea,' 

About the middle of April Thompson reached New 
York, and took command of the King's American 
Dragoons. Colours were presented to the regiment on 
August 1, a very vivid account of the ceremony being 
given in Rivington's ' Royal Gazette ' of August 7, 1782. 
Prince William Henry, afterwards King William IV., 
was there at the time. The regiment passed in review 
before him, pei'forming marching salutes. They then 
returned,diamoiinted, and formed in a semicircle in front 
of the canopy. Alter an address by their chaplain, the 
whole regiment knelt down, laid their helmets and arms 
on the ground, held up their right hands, and took a 
most solemn oath of allegiance to their sovereign, and 
fidelity to their standard. From Admiral Digby the 
Prince received the colours, and presented them with his 
own hauda to Thompson, who passed them on to the 
oldest comets. ' On a given signal the whole regiment, 
wilh all the numerous spectators, gave three shouta, the 
music played " God save the King," the artillery fired 
a royal salute, and the ceremony was ended.' 

Many complaints have been made of the behaviour 
of the troops during their stay at Long Island, New 
York. But war is always horrible ; and it is pretty 
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clear from the account of Dr. Ellis, that the complainta 
had no other founJatioo than events inseparable from 
the carrying on of war. In the statement of Thompson's 
case his biogiaplier, extenuating nothing, and setting 
down naught in malice, winds up his third chapter with 
these word9 : ' I may add to sucb praise aa is due to him 
as a good soldier, quick and true and hold in action, 
and faithful to the Government which he served, the 
higher tribute that, from the hour when the war closed, 
he hecame, and ever continued to be, the constant 
friend and generous henefactor of his native country.' 

Early in April 1783 Thompson obtained leave to 
return to England, but finding there no opportunity for 
active service, he resolved to try his fortune on the Con- 
tinent, intendiutj to offer hia services as a volunteer in 
the Austrian army agaiast the Turks. The historian 
Gibbon crossed the Channel with him. In a letter dated 
Dover, September 1 7, 1783, Gibbon writes thus: — ' Last 
night the wind was so high that the vessel could not 
stir from the harbour; this day it is brisk and fair. 
We are flattered with the hope of making Calais Har- 
bour by the same tide in three hours and a half ; bat 
any delay will leave the disagj-eeable option of a tottering 
boat or a tossing night. What a cursed thing to live 
in an island ! this step is more awkward than the whole 
journey. The Iriumvirate of this memorable embarka- 
tion will consist of the grand Gibbon ; Henry Laurens, 
Esq., President of Congress ; and Mr. Secretary, Colonel, 
Admiral, Philosopher Thompson, attended by three 
horses, who are not the most agreeable ffUow-passengera. 
If we survive, I will finish and seal my letter at Calais. 
Our salvatioD shall be ascribed to the pniyera of my 
lady and aunt, for I do believe they both pray.' The 
'grand Gibbon' is reported to have been terribly 
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fri^tfinpH by the plunging of his feilow-passengere, the 
three blood-horses. 

Thompson pushed on to Strasbiirg, where Prince 
Maximilian of Bavaria, then a field-marshal in the 
service of France, waa in garrison- As on a former 
occasion in his native country, Thompson, monnted on 
one of his chargers, appeared ou the parade-groimd. 
He attracted the attention of the Prince, who spoke to 
him, and on learning that he had been serving in the 
American war, pointed to some of his officers, and re- 
marked that they had been in the same war. An 
animated conversation immediately began, at the end of 
which Thompson was invited to dine with the Prince. 
After dinner, it is said, he produced a portfolio con- 
taining plans of the principal engagements, and a col- 
lection of excellent maps of the seat of war. Eager 
for information, the Prince again invited him for the 
next day, and when at length the traveller took 
leave, engaged bim to pass through Munich, giving 
him a friendly letter to his uncle, the Elector of 
Bavaria. 

Thompson carried with him wherever he went the 
stamp of power and the gift of address. The Elector, 
a sage ruler, saw in him immediately a man capable of 
rendering the Mtate good service. He pressed his visitor 
to accept Ik post half military, half civil. The proposal 
was a welcome one to Thompson, and he came to 
England to obtain the King's permisaion to accept it. 
Not only was the permission granted, but on February 
23, 1784, he was knighted by the King. Dr. Ellis 
publishes the ' grant of arms ' to the new knight. In it 
he ia def.cribed as 'Son of Benjamin Thompson, lateof the 
Province of Miissachusetts Bay in New England, Gent, 
deceased,' and as ' of one of the most antient Families 
in North America j that an Island which belonged to 
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his Ancestors, at tlie entrance of Boston Harbour, where 
the first New Enghind li^ettlement was made, Btiti beara 
his name; that his Ancestors have everlived in reputable 
Situations in thiit country where he was bom, and have 
hitherto used the Arms of the antient and respectable 
Family of Thompf:on, of the county of York, from a 
constant Tradition that they derived their Dencent from 
that Source.' The original parchment, perfect and 
unsullied, with all its senls, is in the possession of Mrs. 
James F. Baldwin, of Boston, widow of the executor 
of Countess Sarah Eumford.' The knight himself, 
observes his biographer, must have furnished the infor- 
mation written on that flowery and mythical parchment. 
Thompson was fond of display, and he here gave rein to 
his tendency. He returned to Munich, and on bis 
arrival the Elector appointed him colonel of a regiment 
of cavalry and general aide-de-Ciimp to himself. He 
was lodged in a palace, which he_shared with the 
Russian Ambassador, and had a military stafT and a 
corps of servants. ' His imposing figure, his manly and 
handsome countenance, his dignity of buaring, and his 
courteous manners, not only to the great, but equally 
to his subordinates and inferiors, made him exceedingly 
popular.' 

He soon acquired a mastery of the German and 
French languages. He made himself minutely ac- 
quainted with everything concerning the dominions o( 
the Elector — their population and employments, their 
resources and means of development, and their relations 
to other powers. He found much that needed removal 
and required reformation. Speaking of the Electorate, 
Cuvier remarks that ' its sovereigns had encouraged 
devotion, and made no atipulation in favour of industry. 
There were more convents than manufactories in theii 
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States ; theii army was almost a shadow, while ignorance 
and idleness were conspicuous in every class of sotiety.' 
Thompson evoked no religious animosity. He avowed 
himself a Protestant, but met with no opposition 
on that score. Holding as be did the united offices of 
Minister of War, Minister of Police, and Chamberlain 
of the Elector, his influence and action eitended to 
all parts of the public service. Then, as now, the 
armies of the Continent were maintained by conscrip- 
tion. Drawn away from their normal occupations, the 
peasants returned after their term of service lazy and 
demoralised. This was a great difficulty ; and in dealing 
with it patient caution had to be combined with adminis- 
trative skill. Four years of observation were spent at 
Munich before Thompson attempted anything practical. 
Thepayof the soldiers was miserable, their clothing bad, 
their quarters dirty and mean ; the expense being out of 
all proportion to the return, The oflicers, as a general 
rule, regarded the soldiers as their slaves; and here 
special prudence was necessary in endeavouring to elTeot 
a chanfje. Thompson induced the more earnest among 
the officers to co-operate with him, by making the pro- 
posed reforms to originate apparently with them. He 
aimed at making soldiers citizens and citizens soldiers. 
The situation of the soldier was to be rendered pleasant, 
his pay was to be increased, his clothing rendered com- 
fortable and even elegant, while all liberty consistent 
with strict subordination was to be permitted him. 
WithiDjthe barracks were to be neat and clean; and with- 
out, attractive, Reading, writing, and arithmetic were 
to be taught, not only to the soldiers and their children, 
but to the children of the neighbouring peasantry. The 
paper used in the school would, it was urged, be 
practically free of cost, os it would serve aftenvards 
for cartridgea. 
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The marshes near Mannheim were drearj hogs, uae- 
less for cultivation and ruinous to the health of the 
city. Thomp.ion drained tliern, liaiiked them in, and 
converted them into a garden for the use of the garrison, i 
For the spfccial purpose of introducing the culture of , 
the polato, he extend el the plan of military gardens 
to all other garrisons. The gardens were tilled, and their 
produce was owned by noncommissioned officers and 
privates, each of whom had a plot of 365 square feet 
allotted to him. Gravel walks divided the plots from 
eacli other. The plan proved completely successful, i 
Indulent soldiers becanae industrious, while soldiers on 
furlough, spreading abroad their taste and knowledge, 
caused little gardens to spring up everywhere over the 
country, flaving secured this end, he converted it into 
a means of suppressing the enormous evils of mendicity. 
Bavaria was infested with beggars, vagabonds, and 
thieves, native and fireign- These mendicant tramps 
were in the main stout, healthy, and able-bodied fellows, 
who found a life of thievish indolence pleasanter than 
a life of honest work. ' These detestable vermin had 
recourse to the most diabolical arts and the most horrid 
crimes in the prosecution of their infamous trade. 
They robbed, and maimed and exposed little children, 
BO as to extract money from the tender-heaited. In the 
cities the beggars formed a distinct caste, with profes- 
Bional rules to guide them, Their training was a 
training in robbery; the means they employed for 
extoitiLg support being equivalent to direct plunder. 
Seeing no escape from the incubus, the public had come 
to bow to it as a necessity. The energy with which 
Thompson grappled with this evil may be inferred from 
the fact that oiit of a population of sixty thousand, two 
thousand six hundred beggars were impounded in a 
single week. 
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Four regiments of cavalry were bo cantoned thai 
every village in Bavaria and the adjoining provinces 
bad a patrol party of four or iive mounted soldiers 
* daily coursing from one station to anotlier.' The 
troopers were under strict discipline, extreme care being 
taken to avoid collision with the civil aiil hurities. This 
disposition of the cavalry was antecedent to seizing, as 
a beginning, all the beggars in the capital. Aged and 
infirm mendicants were carefidly distinguished from the 
sturdy and able-bodied. Voluntary contributions were 
essential, but the inhabitants, though groaning under 
the load of mendicancy, had been so often disafipointed 
in their efforts to get rid of it that they now held back. 
Thompson resolved to give proof of success before asking 
for general aid. He interested persons of high rank in 
his scheme ; organised a bureau to relieve the needy and 
employ the idle. The memhers of his committee were 
presidents of the great offices of State, who worked 
without pay. The city was divided into sixteen districts, 
with a committee of charity for each; while a re- 
spected citizen, assisted by a priest and a physician, 
fierving gratuitously, looked after the worthy poor. 
He knew perfectly well that in Munich many be- 
quests consecrated to charity were being abused and 
wasted, but he cautiously abstained from meddling with 
them. 

The problem before him might well have daunted a 
courageous man. It was neither more nor less than to 
convert people bred up in lazy and disaolute habits into 
thrifty workers. Precepts, he knew, were unavailing, 
BO his aim was to establish habits. Reversing the maxim 
that people must be virtuous to be happy, he made his 
beggars happy as a step towards making them virtuous. 
He aEBrmed that he had learnt the importance of cleanli- 
ness through observing the habits of birds and beasts. 
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Lawgivers and foimdere of religiona neier failed to 
recognise the influence of cleanliness on man's moral 
nature. * Virtue,' he said, ' never dwelt lon^ with filth 
and nastiness, nor do I believe there ever was a person 
scrupulously atteotive to cleanliness who was a consum- 
mate villain.' He had to deal with wretches covered 
with filth and vermin, to cleanse them, teach them, and 
give them the pleasure and etimulus of earning monej. 
He did not waste his means on fine buildings, but taking 
a deserted mamifactorj, he repaired it, enlarged it, 
adding to it kitchen, bakehouse, and workshops for 
mechanics. Halls were provided for the spinners of 
flax, cotton, and wool. Other halls were set up for 
weavers, clothiers, dyers, saddlers, wool-sorters, carders, 
combers, knitters, and seam st revise a. 

The next step was to get the edifice filled with 
suitable inmiites. New Year's Day was the beggars' 
holiday, and their reformer chose th;it day to get hold 
of them. It was the 1st of January, 1790. In the 
prosecution of his despotic scheme all men seemed to 
fall under his lead. To relieve it of the odium which 
might accrue if it were effected wholly by the military, 
he associated with himself and bis field officers the 
magistrates of Munieli. They gave him willing sym- 
pathy and aid. On New Yeai^'s moraing he and the 
chief magisjtrate walked out togetiier. With extended 
hand a beggar immediately accosted them. Thompson, 
Betting the example to hia followers, laid his hand 
gently upon the shoulder of the vagabond, committed 
him to the charge of a sergeant, with orders to take 
him to the Towii-hall, 'where he would be provided for 
in one way if he were really helpless, but in another way 
if he were not.' Thompson encouraged his associates, 
and with such alacrity was the woik accomplished, that 
at the end of that day not a Gingle he^ar remained at 



COUNT RUMFORD. 



117 



lat'ga. Tbe name of every member of the motlej crew 
was inserted in prepared lists, and they were sent off to 
their haunts with instructions to appciir on the following 
day at the military workhouse, where they would inhabit 
oomfortahio warm rooms, enjoy a warm dinner daily, and 
he provided with remunerative work. In the suburbs the 
same measures were followed up Buccessfully by patiola 
of soldiers and police. 

With his iron resolution was associated, in those 
days, a plastic tact which enabled him to avoid 
jealousies and collisions that a man of more heotoring 
temper and less self-restraint would infallilily have 
incurred. To the schools for poor students, the Sisters 
of Charity, the hospital for lepers, and other institutions, 
had been conceded the right of makinfr periodic appeals 
fiom house to house ; German apprentices had also been 
permitted to beg upon their travels; all of these had 
their claims adjust^ed. After he had swept his swarm of 
paupers into the quarters provided for them, Thomppon's 
hardest work began. Here tbe infiexihle order which 
characterised him through life came as a natural force 
to his aid. ' He encouraged a spirit of industry, pride, 
self-respect, and emulation, 6nding help even in trifling 
distinctions of apparel.' Hia pauper workhouse was 
self-fluppoi ting, while its inmates were happy. For 
several years they made up all the clothing of tbe 
Bavarian troops, realising sometimes a profit of 10,000 
florins a year. Thompson himself constructed and 
arranged a kitchen which provided daily a warm and 
nutritious dinner for a thousand or fifteen hundred 
persons, an incredibly small amount of fuel sufficing to 
cook a dinner of this magnitude. The military work- 
house was also remunerative. Its profits for six years 
exceeded a hundred thousand dollars. The military 
workhouse at Mannheim was unfortunately set on fira 
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and ruined during the siege of the city by Austrian 
troopa. 

ThompEon had the art of making himsfilf loved mid 
lionoured by the people whom he ruled iu this arbitrary 
way. Some very eti'iking illustrations of this are given 
in the ' Life and Essays.' He once, for exiimple, brwke 
down at Munich under hia eelf-imposed labours. It 
was thou<i;ht that he was dying, and one day while ia 
this condition, his attention was attracted by the con- 
fused noise of a passing multitude in the street. It 
was the poor of Munich who were going in procession to 
the church to offer public prayers for him. 'Public 
prayers I' he exclaims, 'for me, a private person, a 
stranger, a Prottstantl' Four years aflerwajda, when 
he was dangerously ill at Napltis, the people of their 
own accord set apart aa hour each evening, after they 
, had finished their labours in the military workhouse, to 
pray for hia recovery. 

Men find pleasure in exercising the powers they 
possess, and Kumford possessed, in its liigbest aud 
strongest form, the power of organisation. Ti}e relief 
of the poor, which occupied his attention for years, wa8 
pursued by him as a scientific inquiry. He differen- 
tiated the people who had fair claims upon the State 
from those whose infirmity and incapacity rendered con- 
tinuous assistance necessary, but who could not he aided 
by compulsory taxation. In this oas^e the promptings 
of humanity must be invoked. Persons of high rank 
ought here to take the lead, combining with those im- 
mediately below them to secure efficient supervision 
and relief. The expense tlms incurred is small compared 
with that incidentjil to beggary and its concomitant 
thieving. Thompson's hope and confidence never for- 
sook him. He faced, uuquailing, problems from which 
less daring spirits would have recoiled. He held, un- 
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doiibtingly, that 'arrangement, method, provision foi 
the minutest details, siibordioation, co-operation, and a 
careful Kystem of Bta,tistic3, will faoilitate and make 
effective any undertaking, however burdensome and 
comprehensive.' Such a statement would surely have 
elicited a ' bravo ! ' from Carlyle. In Thompson, flexible 
wisdom formed an amalgam with despotic strength. 
With skill and resolution the objects ot public benevo- 
lence must, he urged, be made to contribute as far as 
possible to their own support. The homeliest details 
did not escape him. He commended well-dressed 
Tegetahles as a cheap and wholesome aliment. He 
descanted on the potato, he gave rules for the construc- 
tion of Biiup-kitchens, and determined the nutritive 
value of different kinds of food. During his boyhood 
at Wobiun he had learnt the use of Indian corn, 
and at Munich he strongly recommended the dump- 
lings, bread, and ha.sty pudding made from maize. 
Pure love of humanity would, at tirst sight, seem to 
have been the motive force of Thompson's action. Still, 
it has been affirmed by those who knew him that he 
did not really love his fellow-men. His work had for 
him the fascination of a problem above the capacities 
of most men, but which he felt himself able to solve. 
It was said to he the work of his intellect, not of his 
heart. In reference to him, Cuvier quotes wliat Fon- 
tenelle said of Dodard, who turned his rigid observance 
of the fasts of the Church into a scientific experiment 
on the effects of abstinence, thereby taking the path 
which led at once to heaven and into the French 
Academy. I should hesitate before accepting this ae 
a complete account of Romford's motives. 

In the north-easterly environs ol Munich a wild 
and neglected region of forest and marsh, which had 
formerly been the hunting-ground of the Elector, waa 
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converted, by Thompson into an ' English garilen.* 
Pleasure-grounds, parks, and fields were laid out, and 
Burrounded by a drive sis miles long. Walks, pro- 
menades, grottos, a Chinese pagoda, a racecourse, and 
other attractions were introduced ; a lake was formed 
and a mound raised ; while a refresh me at- saloon, hand- 
somely furnished, provided for the creature comforts 
of the visitors. Here during Riimford's absence in 
England in 1795, and without his knowledf^e, a monu- 
ment was raised to commemorate his beneficent achieve- 
ments. ' It stands within the garden, and is composed 
of Bavarian freestone and marble. It is quadrangular, 
its two opposite fronts being ornamented with ha^so- 
relievos, and bearing inaeriptions.' The wanderer on 
one side is exhorted to halt, while thankfulness streng- 
thens hia enjoyment. 'A creative bint from Carl 
Theodor, seized upon with spirit, feeling, and love by 
the friend of man, Riimford, has ennobled into what 
thou now seest tbia once desert region.' On the other 
aide of the monument is a dedication to ' Him who 
eradicated the most aeandaloua of public evils, Idleness 
and Mendicity ; who gave to the poor help, occupation, 
and morals, and to the youth of the Fatherland so many 
schools of culture. Go, wanderer I try to emulate him 
in thought and deed, and us in gratitude.' 



Ii 



Rumford's health, as already indicated, had given 
way, and in Hi's he went to Italy to restore it. He 
was absent for sixteen months, and during his absence 
was seriously ill at Naples. Had he been less filled 
with his projects, it might have been better for bis 
health. Had he known bow to employ the sanative 
power of Nature, he would have kept bis vigorous frame . 
longer in working order. But the mountains of Mag- 
giore were to him less attractive than the streets of 
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Verona, where he committed himself to the planning of 
Boup-kitchenB, He made aimilar plans for other cities, 
BO that to call hia absence a holiday would be a mia- 
Domer. He returned to Munich in August 1794, slowly 
recovering, but not able to resume the management 
of his various institutions. In September 1795 he re- 
turned to Loudon, after an aVisr.nce of eleven years. 
Dr. Ellis describes him as ' the victim of an outrage ' on 
hia arrival, the meaning of which seems to be that the 
trunk containing his papers, which was carried behind 
his carriage, was appropriated by Loudon thieves. 'By 
this cruel robbery,' be says, ' I have been deprived of 
the fruits of the labours of my whole life. ... It is 
the more painful to me, aa it has clouded my mind with 
suspicions that can never be ^^leared up,' What the 
suspicious were we do not know. 

Soon afterwards he was invited by Lord Pelham, then 
Secretary of State for Ireland, to visit him in Dublin ; 
he went, and during his two months' stay there busied 
himself with impfovements of warming, cooking, and 
ventilation, in the hospitals and workhouses of i lie city. 
He left behind him a number of models of useful 
mechanism. The Royal Irish Academy elected him a 
member. The grand jury of Dublin presented him 
with ail address; while the Viceroy and the Lord Mayor 
wrote to him officially to thank him for his services. 
Dr. Ellis has not been able to find these documents, 
but they were seen by Pictet, who describes them as 
' filled with the most flattering expressions of esteem 
and gratitude.' 

In Rumford'a case the life of the intellect appeared 
to have interfered with the life of the affections. When 
e quitted America, he left hia wife and Infant daughter 
behind him, and whether any communication after- 
wards occurred between him and them is not known, 



I 



122 COUNT BUMFORD. 

In 1793, in a letter to hia friend Baldwin, he express''d 
the desire to visit 'hia native country. He also wished 
exceedingly to be personally acquaiuted with his daugh- 
ter, who was then nineteen. His affection for hia 
mother, which appeara to have been very real, also 
appears in this letter. With reference to the projected 
visit, he asks, ' Should I lie kindly received ? Are the 
remains ol party spirit and political persecution done 
away ? Would it be necessary to ask leave of the 
State ? ' A year prior to the date of this letter, Rum- 
ford's wife haddiedattheageof filty-two. On January 
29, 1796, hia daughter sailed for London to Bt:e her 
father. She had a tedious passage, hut soon after her 
arrival she writes to her friend Mrs. Baldwiu, 'All 
fatigue and anxiety are now at an end, since my dear 
father is well and loves me.' 

In a history of her life, written many years after- 
wards, she, however, describes the disappointment she 
esperienced on first meeting her father. Her imagi- 
nation had sketched a fancy picture of him. She 
' had beard him spoken-of as an officer, and bad attached 
to thia an idea of tJie warrior with a martial look, 
possibly the sword, if not the gun, by his side.' All 
thia disappeared when she saw him. He did not strike 
her as handsome, or even agreeable — a result in part due 
to the fact that he had been ill, and was very thin and 
pale. She speaks, however, of his laughter *qnite from 
the heart,' while the expression of his mouth, with teeth 
described a^ ' the most finished pearls,' was sweetness 
itself. He did not seem to manage her very successfully. 
Slie had little knowledge of the world, and her purchases 
in London he thought both extravagant and extra- 
ordinary. After having, by due discipline, learnt how 
to make an English courtesy, to the horror of her 
father, almost (he first uae she made of her newlf- 
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acquired accomplisbment was to ooorteay to & house- 
keeper. 

His labours in the production of cheap and nutritious 
food necessarily directed Kumford's alteution to fire- 
places and chimney -flues. When he published his essay 
ou this subject in London, he reported that he had not 
less than five hundred emoky chimneya on his handa 
His aid and advice were always ready, aod were given 
indismmiuatelj to all sorts and conditions of men. 
Devonshire House, Sir Joseph Danks'a, the Earl of Bess- 
borough's, Countess Spencer's, Melbourne House, Lady 
Tetnpleton's, Mrs, Montagu's, Lord Sudley's, theMarquia 
of Salisbury's, aod a hundred and filly other houses in 
London, were placed in his care. The saving of fuel, 
with gain instead of loss of warmth, vaiied in these 
cases from one-half to two-thirds. ' Giving very simple 
and intelligible information about the philosophical 
principles of combustion, ventilation, and draughts, he 
prepared careful diagrams to show tile proper measure- 
ments and arrangements of all the parts of a fireplace 
i fiue. He took out no patent for his inventions, 
but left them free to the pubii,;. In a poem published 
at this time by Thomas James Matthias we have the 
following reference to the labours of Eumt'ord : — 



r eense, I'll beat in any Bhape — 

lawn, in ecmiiu', or in crape : 

B type, where truth eserla her mlef 



In Kown, 
What's a . 
Science is 

Yet all shall read, and all that page approve. 
When pablic spirit meets with public love. 
Thoa late, where poverty with rapine dwelt, 
Bumford's kind genius the Bavarian felt. 
Not b; romantic chaiilies beguiled, 
Bat calm in project, and in mercy mild ; 
Where'er his wisdom guided, none withstood. 
Content with peace and practicable good ; 
Eoimd him the laboureis throng, the nobles waH, 
Friend of the poor, and guardian of the Siute. 
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The pall of smokewhichhabitually hung over London, 
' covering all its prominent edifices with a dingy and 
sooty mantle,' curiously and anxiously interested him. 
He * saw in that smoke the nniwed material which was 
turned equally to waste and made a means of annoyance 
and insalubrity.' He would bind himself, if the oppor- 
tunity were allowed him, 'to prove that from the heat, 
and the material of heat, whieh were thus wasted, he 
would cook all the food used in the city, warm every 
apartment, and perform all the mechanical work done 
by means of fire.' Under this wasted heat Rumford 
would doubtless comprise both the imperfectly -con- 
sumed gases, such as carbonic oxide, and the heated air 
and other gases discharged by the chimneys. 

There is no doubt that the present age haa entered 
largely into the labours of Eumfbrd. Many of the 
devices and conveniences now employed in our kitchens 
owe their origin to him. The practical needs and 
mechanical ingenuity of his own countrymen have 
caused them to follow his lead with conspicuous success. 
We have, for example, in our modest tittle kitchen in 
the Alps, an American oven which, with the expenditure 
of an extremely small amount of firewood, heats oui 
baths, cooks our meat, bakes our bread, boils our clothes, 
and contributes to the warmth and comfort of the house. 
This arrangement traces its pedigree to Rumford. 

In 1796 he founded the historic medal which bears 
his name. On the 12th of July of that year he wrote 
thus to Sir Joseph Banks, then President of the Royal 
Society : ' I take the liberty to request that the Royal 
Society would do me the honour to accept of 1,000?. 
stock in the Funds of this country, which I have 
actually purchased, and which I beg leave to transfer to 
the President, Council, and Fellows of the Royal Society, 
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to the end that the interest of the same may he by them, 
and by their succesBors, received from time to time tor 
ever, and the amount of the same applied and given 
once eveiy second year, as a premium to the author of 
the most important discovery or useful improvement 
which shall be made, or published by printing, or in any 
way made known to the public, in any part of Europe, 
during the preceding two years, on Heat or Light.' 

He adds in a subsequent letter, as further defining 
his wishes, that the premium should be limited to new 
discoveries tending to improve theories of Fire, of Heat, 
of Light, and of Colours, and to new inventions and 
contrivances by which the generation, and preservation, 
and management of heat and of light may he facilitated. 
The device and inscriptions on the niedal were deter- 
mined by a committee. It was resolved ' that the 
diameter of the medal do not exceed three inchea, 
and that Mr. Milton be employed in sinking the dies of 
the said medal,' Two medals are always given, one of 
gold, the other of silver, and a sum of about seventy 
pounds usnallj accompanies the medals. Eumford him- 
self was the iirst recipient of the medal. The second 
was given to Sir John Leslie, the founder's celebrated 
rival in the domain of radiant heat. On the same date 
Rumford presented to the American Academy of Arts 
and Sciences the same sum for the promotion of the 
same object. In fact, the letters to Sir Joseph Banks 
and to the Honourable John Adams, then President of 
the American Academy, are identical in terms. For a 
long series of years the Amei icao Academy did not con- 
sider that the candidates for the medal had reached the 
level of merit which would justify its award. No award 
was therefore made; and in 1829 the Rumford bequest 
had increased from five thousand to twenty thousand 
dollars. After some litigatioD the ternH of the bequest 
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ware ext.ended to embrace applications of it far beyond 
the design of the testator. Permission was obtained to 
apply the fund to the publication of books, or methods 
of discovery, bearing on the Count's favourite subjects 
of experiment; and to the aid and reward of scientific 
workers. Thus, in 1839, Dr. Hare, of Pl.iladetphia, re- 
ceived from the Academy six hundred dollars for hifl 
invention of the compound blow-pipe, and his improve- 
ments in galvanic apparatus. In 1862 tbe Eumford 
medal was awarded to Jlr. John B. Ericsson, for his 
caloric engine; while Mr. Alvan Clark, bo celebrated 
for his improvements of the refracting telescope, and 
the eminent Dr. John Draper, of the University of New 
York, have been also numbered among the recipients. 

Accompanied by his daughter, Eumford returned to 
Germany in 1796. 'Three weeks' constant travel; 
circuitous routes to avoid troops, bad roads, still worse 
accommodations — passing nights in the carriages for the 
want of an inn — scantiness of provisions, joined with 
great fatigue, rendered our journey by no means agree- 
able.' At Munich they were lodged iu the splendid 
house allotted to the Count. France and Austria were 
then at war, while Bavaria sought to remain rigidly 
neutral. Eight days after Rumford's arrival, the Elector 
lookrefuge in Saxony. Moreau had crossed the Ehineand 
threatened Bavaria. After a defeat by the French, the 
Austrians withdrew to Munich, but found the gates of 
the city closed against them. They planted batteries 3n 
a height commiinding the city. According to arrange- 
ment with the Elector, Eumford assumed tbe command 
of the Bavarian forces, and by his firmness and presence 
of mind prevented both French and Aiistrians from 
entering Munich, A foreigner acting thus was sure to 
excite jealousy and encounter opposition ; but, despite 
all this, he was eminently successful in realising hia 
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aims. The cousidfiiiition in which he was held hy the 
Elector is illustrated by the fact that he made Miss 
Thompson a Countesa of the Empire, conferring on her 
a pension of 200^. a jear, with liberty to enjoy it in any 
country where she might wish to reside. 

The following incident is worth recording. In March 
1796, Rumford's daughter, wishing to celebrate his 
birthday, chose out of hia woikhouse a dozen of the 
moat industrioiia little hoya and girls, dieased them up 

Pin the uniform of tliat eatablif^hmeiit, and robing herself 
in white, led them into hia room and preaented them to 
him. He was so much touched by the incident, that 
he made her a present of two thousand dollars (400i.) 
on condition that she should, in her will, apply the 
interest of the sum to the clothing every year for ever. 

Ion her own birthday, of twelve meritorious children — ^^H 
aix girls and sis boys — in the Munich uniform. The ^^H 
poor children were to he chosen from her native town, ^^^| 
Concord. Habit must to some extent have blinded I 

Rumford's eyes to the objection which independent New I 

Englanders were likely to make to this fantastic apparel. J 

They bluntly stated their objections, but 'with gratefiil ^^H 
hearts' they nevertheless expressed their willingness to ^^H 

accept the donation. Nothing further was done during ^^H 
liumford's lifetime. 

The New England girl, brought up in Concord, 
transplanted thence to Londiin, and afterwards to 
Munich, was subjected to a trying ordeal. After a 
short period of initiation, she appears to have passed 
through it creditably. Her writing does not exhibit 
any marked qualities of iiJtellect. She was bright, 
gossipy, 'volatile,' and she throws manifold gleams 
on the details of Rumford's life. He constantly kept 
a box at the opera, though he hardly ever went there, 
and hired by the yc:ir a doctor named Haiibenal. 
She amusingly describes a quintuple present made to 
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Iier by her fatber booh after her iinival in Munich 
The first item was ' a little sha^jfy dog, aa white as snow, 
excepting black eyes, ears, and nose ' ; the second was a 
liiiiy named Verafxy, who was sent to tench her FioDch 
and music; the third was a Catholic priest, named 
Dillis, who was to be her drawing-master; the fourth 
was a teacher of Italian, named Alberti ; and the fifth, 
the before -mentioned Dr. Hanbenal, who was to look 
after her health. She did not at all like the aiTange- 
ment. She waa particularly surprised and shocked at 
a doctor's offering his services before they were wanted. 
'Said I to myficlf, Snrrounded by people who speak 
French — and all genteel people speak it at Munich — 
and knowing considerable of the language already, wheje 
is the use of my fatiguingmyBelf with masters? Music 
the same.' In fact, the little dog 'Cora' waa the only 
welcome constituent of the gift. 

She describes with considerable spirit a ball which 
was organised to celebrate her father's birthday. All 
united to do him honour. Wreaths surrounded his 
bust; his workhouse children, joined by some children 
of the nobility, all dressed in white, handed addresses 
to him, and sang in accompaniment to the swell of 
music, of which he was passionately lond. .\11 this was 
ftrniugcd without his knowledge, and possibly not without 
an intention to give dramatic force to a revelation to be 
made at the time. It was observed that Bumford had 
eingl«d out from the children a little girl of eight, who 
•Tvompanied him whi^o be walked, and took her place 
beside him when he sat. The little girl was his illegiti- 
mate child. Sarah, on learning this, threw herself into 
the dance she had {»evio4isly declined, and thus whirled 
awa; her indiguatioo. Her partner was the young Count 
Tills, Kumfoid'a a)de-de>t*mp, between whom and 
Rumfbrd's daogfatw « frieodly iutimacy was obtioufJj 
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rowing up. Rumford noticed this, and disapproved oi 
it. Being invited to dinner at the house of the Countess 
Lerchenfeld, with her father's consent Miss Thompson 
went. Count Taxis happened to be one of the party, 
and on hearing this Rumford jumped to the conchision 
that a ladies' conspiracy was afoot to counteract his 
wishes. With a lowering look he taxed his daughter 
with what he supposed to be an intrigue. At first she 
could only stare at him in surprise. ' After which, on 
knowing what it meant, like many young people who 
laugh when there is nothing to laugh at, an irreaistible 
inclination seized me to laugh.' She gave way to her 
inclination, ' and it ended in my father's boxing my 
ears.' She was stunned by the indigoity, and ' quitted 
the room, without making an observation, or trying to 
appease him by saying I was innocent.' 

The Klector put the seal to his esteem for Rumford 
by appointing him as Plenipotentiary from Bavaria to 
the Court of London. King George, however, declined 
to accept him in this capacity. Mr. Paget, the Minister 
at the Court of Bavaria, was desired ' to lose no time in 
apprising the Ministers of His Electoral Highness that 
auoh an appointment would be by no means agreeable 
to His Majesty, and that His Majesty relies therefore 

1 the friendship and good understanding which have 
always hitherto subsisted between himself and the 
Elector of Bavaria, and that His Highness will have no 
hesitation in withdrawing it.' The King had made 
np his mind. ' Should there unexpectedly arise any 
dilHculty about a compliance with the request, which 
Hia Majesty is so clearly warranted in making, I am to 
direct you, in the last resort, to state in distinct terms 
that His Majesty will by no means consent to receive 
Count Rumford in the character which has been assigned 
to him.' The fact of Rumford's being not only a Britisb 



4 

i 



130 COUNT KmiFOED. 

Bubject, but tbiit he had actually filled a confidential 
situation under the Britiuh Goverument, waa cited as 
rendering his appointment peculiiirly objectionable. 
Some correspondence ensued between Lord Grenville 
and Eumford, but the appointment was not ratified. 

Stung by the refusal of King George to accept 
bim as Bavarian Minister, the thought, which had 
often occurred to him, of returning to his niitive 
country now revived. Mr. Rufiis King was at that 
time American Ambassador in London ; and he, by 
Riimford's desire, wrote to Colonel Pickiring, then 
Secretary of State for tlie United Slates, informing him 
that intrigues in Bavaria, and tlie refusal of the English 
king, had caused the Count to decide on establishing 
himself at, or near, Cambridge, Massacbu setts. Mr. 
King described the Count's intention to live in the 
character of a German nobleman, renouncing all poli- 
tical action, and devoting himself to literary pursuits. 
He observed that Rumford had much experience of 
cannon foundries, and had made impoitaut improve- 
ments in the mounting of flying artillery. He was, 
moreover, the possessor of an extensive military library, 
and wished nothing more ardently than to be useful 
to his native country. Provision had been made for 
the institution of a military academy in the United 
States. This they offered to place under the superin- 
tendence of Rumford. 'I am authorised,' said ]\Ir. 
King, 'to off"er you, in addition to the superintendence 
of the military academy, the appointment of Inspector- 
General of the Artillery of the United States ; and wo 
shall moreover he disposed to give to you such rank and 
emoluments as would be likely to aflbrd you satisfac- 
tion, and to secure to us the advantage of your service.' 
The hour for the final decision approached, but 
befoie it aruved another project had laid hold of Rum- 
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(onrs imagination — a project which in its results has 
proved of more importance to acieoce, and probably of 
more advantage to mankind, ttian any which this multi- 
farious genius liad previously undertiikeo. This project 
waa the foundation of the Royal Institution of Great 
Britain. In answer to the American Ambassador, he says, 
' Nothing could havft afFonJed me so much satisfaction 
as to have had it in my powsr to have given to my 
liberal and generous countryman such proof of my sen- 
timents as would, in the mo>t public and ostensible 
manner, have evinced, not only my gratitude for the 
kind attentions I have received from t)iem, but also 
the ardent desire I feel to assist in promoting the pro- 
sperity of my native country ; but engagements, which 
great obligations have rendered sacred and inviolable, 
put it out of my power to dispose of my time and ser- 
vices with that unreasoned freedom which would be 
necesfiary in order to enable me to accept of those 
generous offers which the Executive Government of 
the United States has been pleased to propose to me.' 

The climate of Europe, however, did not seem to 
suit Eumford'fi daughter. Possiblyalso the simple tastes 
and habits of her childhood were too deeply ingrained 
in her constitution to permit of her deriving any real 
enjoyment from the outsided, and apparently noisy life 
which she was forced to lead in Munich and London. 
Be this as it may, she returned to America, reaching 
the port of Boston on October 10, 1799, 'being then 
just twenty-five years of age.' Rumford himself 
remained in England with the view of realising what 
! have called tlie greatest project of his life — the found- * 
ing of the Royal Institution. 

His ideas on this subject took definite shape in 1799. 
Tbey were set forth in a pamphlet of fifty pages, l)ear- 
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ing the following lengthy title : ' Proposals for forming 
by BubBcription, in the Metropolis of the British Empire, 
a Public lohtitution for diffusing thb Knowledge and 
fecilitatiug the general Introduction of Useful Mechani- 
cal Inventions and Improvements, and for teaching, by 
courses of Philosophical Lectures and Experiments, the 
Application of Science to the Common Purposes of Life.' 
The introduction to this pamphlet is dated from Rum- 
ford's residence in Brompton Eow, March 4, 1799. 
His aim, he alleges, is to cause science and art to work 
together ; to establish relations between philosophers 
and workmen ; to bring their united efforts to bear in 
the improvement of agriculture, manufactures, com- 
merce, and the augmentation of domestic comforts. 
He specially dwells on the management of fire, it 
being, aa be thinks, a subject of peculiar interest to 
mankind. Fuel, he asserted, costs the kingdom more 
than ten millions sterling annually, which was much 
more than twice what it ought to cost. Rumford knew 
human nature well, and for the greater portion of his 
life knew how to appeal to it with effect. In fact, the 
knowledge never failed him, though towards the end 
irritability, due to ill-health and crosses of various kinds, 
rendered him less able to apply the knowledge than 
when he was in the blossom of his prime. As regards 
the Bucceas of his new scheme, he urged upon those 
with whom he acted the necessity of making the indtv 
lent and luxurious take an interest in it. Such persons, 
he says, ' must either be allured or shamed into action.' 
Hence, he urges, the necessity of making benevolence 
' fashionable.' 

It ought to be mentioned that Eumford, at this 
time, could count on the sympathy and active support 
of a number of excellent men, who, in advance of him, 
had foundeda 'Society for Bettering the Condition and 
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TScreasing the Comforte of the Poor.' The aid of tha 
committee of this society waa now sought. It was agreed 
on all hands that the proposed new Institution would 
be too important to permit of its being made an ap- 
pendage to any other. It was resolved that it should 
Btajid alone. A committee consisting of eiglit members 
of the above society was, however, a]jpointed to confer 
with Rumford regarding hia plan. To each member of 
this committee he submitted a statement of hia views. 
These are in part set forth in the title to hia pamphlet 
already quoted. The aim of the Institution, further- 
more, was 'to excite a spirit of improvement among 
all ranks of society, and to afford the most effectual 
assistance to those who are engaged in the various pur- 
Buita of useful industry.' He begged, however, that His 
Majesty's Ministers might be informed of the intention 
of the founders of the Institution to accept bis services. 
This he deemed necessary because of his being, in the 
first place, a subject of His Majesty, and also, by His 
Majesty's special permis-inn, the servant of a foreign 
prince. The G-ovemment was to be fully informed, not 
only as to the general aims, but also of the details of 
the scheme. Not till then did he a^k for the counte- 
nance and support necessary to carry it iuto execution. 
The committee met and ratified Rumford's pro- 
posals. They agreed that subscribers of fitty guineas 
each should be the perpetual proprietors of the Institu- 
tion ; that a contribution of ten guineas should secure 
the privileges of a life subiicri her ; whilst a aubacription 
of two guineas should constitute an annual subscriber. 
Besides other important rights, each proprietor was to 
receive two transferable tickets, admitting him to every 
part of the Institution, and to all the lectures and expe- 
riments. Each life subscriber was to receive one ticket, 
not transferable, securing free admission to every part 
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of the establish men t, and to all lecture* and expert- 
ments. Ad annual Bubscriber had a single ticket for a 
single year, but might at any time become a life huIh 
seriber by the additional payment of eight guineas. 
The manatjers, nine in number, were to be chosen by 
ballot by tbe proprietors. The managers were to be 
nnpaid, and, without any pecuniary advantage to them- 
aelves, they were held Bolemnly pledged to the faithful 
discharge of their duties. Three were to constitute a 
quorum, but in special cases six were required. A 
Committee of Visitors was also appointed, the same in 
number aa the Committee of Managers, and holding 
office for the Bame number of years. 

The managers were to devote the surplus fiinds of 
the Institution to the purcliase of models of inventions 
and improvements in the mechanical arts, a room in 
the Institution being devoted to the reception of them. 
The room still exists, and, though diverted from its 
original purpose, is still called ' the Model Room.' 
A general meeting of the proprietors was held at 
the house of Sir Joseph Banks, in Soho Square, on 
March 7, 1799. Fifty-eight persons, comprising men 
of distinction in science, members of Parliament and 
of the nobility, including one bishop, were found to 
have qualified as proprietors by the subscription of 
fifty guineas each. The prelate was the Birihop of 
Durham. The Committee of Managers was chosen, 
and they held their first meeting at the house of Sir 
Joseph Banks on March 9, 1799. Mr. Thomas Ber- 
nard, one of the most active members of the society 
from whose committee the first mana^rs were chosen, 
was appointed Secretary. To Rumford and Bernard 
wris delegated tbe duty of preparing a draught of a 
charter ; while Earls Morton and Spencer, Sir Joseph 
Banks, and Mr. Pelhanj, were requested 'to lay the 
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proposals before His Majesty, the Royal Family, tlie 
Ministers, the great officers of State, the members of 
both Houses of Parliament, of the Privy Council, and 
before the twelve ju<lfjes.' 

On January 13, 1800, the Royal Seal was attaoheiJ 
to the Charter of the Institution. In the same year 
waa published, in quarto form, ' The Prospectus, Char- 
ter, Ordinance, and Bye-laws of the Royal Institution 
of Great Britain.' The King waa its Patron, and the 
first officers of the Institution were appointed by him. 
The Earl of Winchilsea was President. Lord Morton, 
Lord Egremont, and Sir Joseph Banks were Vice- 
Presidents. The managers, chosen by sealed ballot by 
the proprietors, were divided into three classes of three 
each ; the first class serving for one, the second for two, 
and the third for three years. The Earls of Bess- 
borough, Egremont, and Morton, respectively, headed 
the lists of the three classes. Rumford himself waa 
appointed to serve for three years. The three lists of 
Visitors were headed bj the Duke of Bridgewater, 
Viscount Palmerston, and Earl Spencer respectively. 
That Rumford possessed the power of persuasion, and 
the infection of enthusiasm, is sufficiently demonstrated 
by this powerful list. But neither persuasion nor en- 
thusiasm might have been found availing bad not his 
actual achievements in Bavaria occupied the back- 
ground. The first Professor of Natural Philosophy and 
Chemistry was Dr. Thomas Garnett, while the first 
Treasurer was Mr. Thomas Bernard. But this was not 
enough. A home and foreign secretary, legal counsel, 
a solicitor and a clerk, were added to tbe Hat. One 
rule established at this time has been adhered to vrith 
great fidelity to the present day. No political subject 
was to be mentioned in the lectures. 

In a somewhat florid style Rumford (for he waj 
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obvionaly the writer) descants <m the name and objects 
of the new project. The word Institution is chosen 
because it bad been least used previously, and because 
it best indicates the objects of the new society. The 
infiuence of the mechanical arts on the progress of 
civilisation and refinement is pointed out, and illustrated 
by reference to nations, provinces, towns, and even vil- 
lages, which thrive in proportion to the activity of their 
industry. 'Exertion quickens the spirit of invention, 
makes science flourish, and increases the moral and 
physical powers of man.' The printing-press, naviga- 
tion, gunpowder, the steara-engine, ai-e referred to as 
having changed the whole course of human affairs. 
The slowness with which improvements make their 
way among workmen is ascribed to the inflaenoe of 
habit, prejudice, suspicion, jealousy, dislike of change, 
and the narrowing effect of the subdivision of work 
into many petty occupations. But slowness is also due 
to the greed for wealth, the desire for monopoly, the 
spirit of secret intrigue exhibited among manufacturers. 
Between these two the philosopher steps in, whose busi- 
ness it is ' to examine evpry operation of Nature and 
art, and to establish general theories for the direction 
and conducting of future processes.' But philosophers 
may become dreamers, and they have therefore habitu- 
ally to be called back to the study of practical questions 
which hear upon the ordinary pursuits of life. Science 
and practice are in short to interact, to the advantage 
of both. This object may be promoted by the offering 
of premiums, after the manner of the Society of Arts,' 
by the gi-anting of patents ; and, finally, by the method 
of the new Institution — the diffusion of the knowledge 
of useful medianical inventions, and their introduction 
into life. 

■ FooDded fa UEX. 



OOUNT RUMFORD. 137 

One of the first practical eteps taken towards the 
lealisatioD of these ideas was the purchase of the house, 
or rather houses, in Albemarle Street in which we are 
now assembled, and their modification to suit the objects 
in view. Riiraford's obvious intenlion was to found an 
Institute of Technology and Engineering. Mere de- 
scription was not sufficient. He demanded something 
visible and tangible, and therefore proposed that the 
Institution should be made a repository for models of 
all useful contrivances and improvements : cottage fire- 
places and kitchen utensils; kitchens for farm-houses 
and for the houses of gentlemen ; a laundry, including 
boilers, washing, ironing, and drying-rooma ; German, 
Swedish, and Eussian stoves; open chimney fireplaces, 
with ornamental grates ; ornamental stoves ; working 
models * of that most curious and most useful machine, 
the steam-engine ' ; brewers' boilers ; distillers' coppers ; 
condensers; large boilers for hospitals; ventilating appa- 
ratus in hot-houses ; lime-kilns ; steam-boilers for pre- 
paring food for stall-fed cattle ; spinning-wheels ; looms ; 
agricultural implements ; bridges of various construc- 
tions ; human food; clothing; houses; towns j fortresses; 
harbours ; roads ; canals ; carriages ; ships ; tools ; 
weapons; &c. Chemistry was to be applied to soils, 
tillage, and manures ; to the making of bread, beer, wine, 
spirits, staxcb, sugar, butter, and cheese; to the pro- 
i of dyeing, calico-printing, bleaching, painting, 
and varnishing ; to the smelting of ores ; the formation 
; to mortars, cements, bricks, pottery, glass, 
and enamels. Above all, ' the phenomena of light and 
heat — those great powers which give life and energy to 
the universe — powers which, by the wonderful process 
of combustion, are placed under the command of human 
beings — will engage a profound interest.' 

In reference to the alleged size of the bed of Og, the 
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Davy the prospect, if he devoted himself entirely and 
perraaneiitly to the Institrition, of becoming, in the 
course of two or three years, full Professor of Chemistry, 
with a salary of 300i. per annum, ' propirieci,' he adds, 
'that within that period you shiiU have given proofs of 
your fitness to hold that distinguished situation.' This 
promise of the professorship in two or three years was 
ominous for Dr. Garnett, between whom and the Mana- 
gers differences soon arose which led to his withdrawal 
from the Institution. 

Davy hegan his duties on Wednesday, March 11, 
1801. He was allowed the room adjoining that occu- 
pied by Dr. Gamett, to whom he was to refund the 
expenses incurred in furnishing the room. The com- 
mittee of espcnditure paid to Dr. Garnett 20/. 2a. 3(i. 
for a new Brussels carpet, and 17i. 68. for twelve chairs, 
the carpet and chairs being transferred to the room 
occupied by the Managers. ' Count Rumford reported 
further that be had purchased cheaper a second-hand 
carpet for Mr. Davy's room, together with such other 
articles as appeared to him necessary to render the 
room habitable, and among the rest a new sofa-bed, 
which, in order that it may serve as a model for imita- 
tion, has been made complete in all its parts.' 

The name of a man who has no superior in its annals 
now appears for the first time in connection with the 
Institution. Here also the sagacity of Rumford was 
justified by events. At the suggestion of Sir Joseph 
Bants he had an interview with Dr. Thomas Young, 
destined to become so illustcioua as the decipherer of 
the Egyptian hieroglyphics, and, by the discovery of 
Interference, the founder of the undulatory theory of 
light. It was proposed to him, by Rumford, to accept 
an engagement as Professor of Natural Philosophy in 
the Institution, as Editor of its Journals, and as euper- 
10 
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inU'tidcnt of tlie house, at a salary of 300!. per annum 
Voung accepted the appoinlmeDt, and tbe Managers 
confirmed it liy resolution on August 3, 1801 : — 
* liesolved, that tbe Managere approve of the measoreB 
taken by Count Rumford ; and that the appointment of 
Dr. Voung be oontirraed.' 

Rumford'H health fluctuated perpetually, and it waa 
Raid at the time tliut this was due in some measure to 
the fanciful notions he entertained, and acted on, with 
regard to diet and eiercise. But Dr. Young affirniB 
that his habita in these req>ects were guided by his 
(ihysieinns. 

Many years ago, wishing to supplement my know- 
letigo of the Turkish bath, I referred to a paper of 
Ruuiford's whioh gave an account of a visit to Harn^ate 
and his eiperieuoe there. According to the rules of the 
place he had his bath in the evening, and went to bed 
immei^i lately atterwanis. He found himself restless and 
fevorUh ; the bath, indeed, seemed to do him more harm 
than good. An observant fellow-lodger had made, and 
had oorrecttKi the sume experience. Acting on hia 
ad«ic<^. Rutotbrd took his bath two hours before dinner, 
vugagiiig afterwards in his usual work, or going out to 
have a blow trn the conamoii. So tiir from sutfering 
ofaitl from this exp»suie, he touud himself invigorated 
by it. My own experience, I may aay, corroborates all 
this. Kumiiuti txjok the seoiies of m:tn as h« &>mui 
tbenu and tried tu enhance the gradliuutioiu theoce 
(tvrivud :~-* T» iQcieaee the pleasure of a wsrm bath 
btf !ii'g^:v;>ts the boming jf sweet-<Kx.-utLt) «(wds uui 
ttiiHUaEJi.' gums and nr^ios in omill i'haliu((--tiii'h«« vu thft . 
balfaiiitf-iwututs. by wuich the air wU be pectVjoied wtUk I 
Uk> uivft (ileiU'Uiic odooi^' He «puittrdlj( Jwteuiiie ttii« J 
OouiHwl : — * KtieijiiliiH:y ia au dwilM mr 
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rirtuea of a man. But I eee no cause for calling any- 
thing effeminate which lias no tendency to dimini^li' 
either the strength of the body, tiie dignity of the 
Bentimente, or tlie energy of the mind. I see no good 
reason for considering those grateful aromatic perfumes, 
which in all ages have been held in such high estima- 
tion, as a less elegant or less rational lusury than 
smoking tobacco or stufiBng the nose with snuff.' 

Kumford, for a year or so, occupied rooms in the 
Institution, but his private residence waa in Brompton 
Row, described by his friend Pictet as being about a mile 
from London. Grass and trees grew in front of the 
house. The windows had a douVde glazing, and outside 
were placed vases of flowers and odorous shrubs. Pictet, 
who was Rumford's guest in 1801, minutely describes 
the whole arrangement of the house. Into Eumford's 
working-room, which overlooked the country, the light 
came through a set of windows arranged on the aro of a 
circle. The window-sills were arranged with flowers 
and shrubs, so that you might suppose yourself lo be in 
the country, close to a garden bordered by a park. 
Pictet goes on to describe the various strobes of inge- 
nuity shown in the management of the fuel and fire- 
places. The beds, moreover, were disguised as elegant 
sofas. Under each sofa were two deep drawers contain- 
ing the bedding and other night-gear, all of which 
were hidden by a fringed valance. At night the sofa 
was converted in a few minutes into an excellent bed, 
while in the morning, with equal rapidity, the bed was 
transformed into an ornamental piece of furniture. 
Pictet occupied one-half of the charming dwelling. 
Perfect freedom was given and enjoyed, and the learned 
Genevese always tried to arrange his day's work so that 
he might, if possible, engage his friend on some subject 
of research common to them both. 
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house, and Bcientific committees to do everything, waa 
much too big and unworkable for a private l>ody, and 
was fitted only for an absolute and wealthy Grovernment.' 
In 1803 Dr. Bence Jones informs us that difficulties 
were gathering round the Institution, and it was even 
proposed to sell it ofF. Kumford bad quitted London 
and gone to Paris. By Dav/a aid, Mr, Bernard and 
Sir John Hippesley carried on the work, but in a 
fashion different from that contemplated by ilumford 
— that IB to say, ' without workshops, or mechanics' 
institute, or kitchen, or model exhibition.' The place 
of these was taken by experimental and theoretical re- 
searches, which, instead of dealing with things already 
acbieved, carried the mind into unexplored regions of 
Nature, forgetful, if not neglectful, whether the dis- 
coveries made in that region had or bad not a bearing 
on the arts, comforts, or necessities of material life. 

Rumford and his Institution had to bear the brunt 
of ridicule, and he felt it ; but men of ready wit have 
not abstained from eserciaing it on societies of greater 
age and higher claims. Shafts of sarcasm without 
number have been launched at the Royal Society. It 
is perfectly natural for persons who have little taste for 
scientific inquiry and less knowledge of the methods of 
Nature, to feel amused, if not scandalised, by the ap- 
parently insignificant subjects which sometimes occupy 
the scientific mind. They are not aware that in 
science the most stupendous phenomena often find their 
;gestion and interpretation in the most minute — 
that the smallest laboratory fact is connected by in- 
dissoluble ties with the grandest operations of Nature. 
Thus, the iridescences of the common soap-bubble, 
subjected to scientific analysis, have emerged in the 
conclusion that stellar space is a plenum filled with a 
material substance, capable of transmitting motion 
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with A npidity which would girctle the equatorial ei 

eight timea in a. second : while the tremors of tiiia aul^ 
stance, in one form, coQt>titute what we iiall light, and, 
in all forma constitute what we call radiant heat. Xot 
seeing this connection between great and small; not 
discerning that as regards the illustration of physical 
fvinciples there ia no great and no small, the wita, eon- 
eidering the amall cantemptible. permitted aarcssm to 
flow. But these thing* have passed away, otherwise it 
would not be superfluoua to remind this audience, as 
a case in point, that the splendoar whidi in the form 
of the electric light now fiiild upon our squares and 
thoroughfares, has its germ and ancestry in a spark 
BO feeble aa to be scarcely visible when first revealed 
within the walla of this Institution. 



It is with reluctance that I take the slightest ex- 
ception to what my American friends have written 
regarding Rumfoid and hia achievements. But what" 
they have written induces me to assure them that the 
scientific men of England are not prone to stinginess 
in recognising the merits of their fellow -labourers in 
other lands ; and had Rumford, instead of accom- 
plishing none of hia work in the land of his birth, 
accomplished the whole of it there, his recognition 
among U8 here would not be leas hearty tlian it is now. 
As things stand, national prejudice, if it existed, might 
be expected to lean to Rumford's side. But no such 
prejudice exists, and to write as if it did exist is a 
mistake. In reference to myself, Dr. Ellis, gently but 
•till reproachfully, makes the following remark; — 
'I'rut'essor Tyndall, in his work on " Heat," has but 
modemtely ret-ogniaed the claims and merit of Rum- 
ford, when, after largely quoting from his essay, he adds, 
" When the hiatory of the dynamical theory of heat ia 
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written, the mao who, in opposition to the HoiuntiEc 
belief of his time, could experimeLt, and reason upon 
experlmeDt, aa did Bumfurd in the investigation here 
referred to, cannot be lightly passed over." ' In my 
opinion, the most dignided and impressive way of 
dealing with labours like those of Rumford, is to show 
by simple quotations, well selected, what their merits 
are. This I did in the book referred to by Dr. Ellis, 
which was published at least eight years in advance of 
his. But the expression of my admiration for Bum- 
ford was not confined to the passiige above-quoted, 
which is taken from the appendix to one of my lec- 
tures. In that lecture I drew attention to Rumford'a 
labours in the following words : — 'I have particular 
pleasure in directing the reader's attention to an al^ 
stract of Count Rnmford's memoir on the generation 
of heat by friction, contained in the appendix to this 
lecture. Eumford in this memoir annihilates the mate- 
rial theory of heat. Nothing more powerful on the 
subject has since been written.' 

But I must not go too far, nor suffer myself to dwell 
with one-sided eichiBiveness upon the merits of Eum- 
ford. The theoretic conceptions with which be dealt 
were not his conceptions, but had been the property of 
science long prior to bis day. This, I fear, was for- 
gotten when the following claim for Rumford was made 
by a writer who has done excellent service in diffusing 
sound science among the people of the United States : ' — 
' He was the man who first took tlie question of the 
nature of heat out of the domain of metaphysics, where 
it had been speculated upon since the time of Aristotle, 
and placed it upon the true basis of physical experi- 
ment.' The writer of this passage could hardly, when 
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he wrote it, have been acquainted with the experimentA 
and the rfuiaonings of Boyle and Hooke, of Leibni'ii 
and Locke. As regards tlie nature of heat, these men 
were quite as far removed from metaphysical subtleties 
as Rumford himself. They regarded heat as 'a very 
brisk agitation of the insensible parts of an object 
which producea in us that sensation from whence we 
denominate the object hot; so what in our sensation 
is heat, in the object is nothing but motion.' Locke, 
from whom I here quote, and who merely expresses 
the ideas previously enunciated by Boyle and Hooke, 
gives his reasons for holding this theoretic conception. 
* This,' he says, ' appears by the way heat is prodnced, 
for we see that the rubbing of a brass nail upon a 
board will mnke it very hot; and the axle-trees of carta 
and coaches are often hot, and sometimes to a degree 
that it sets them on fire, by the rubbing of the navea 
of the wheels upon them. On the other side, the ut- 
most degree of cold is the cessation of that motion of 
the insensible particles which to our touch is heat.' 
The precision of this statement could not, within it8 
limits, be exceeded at the present day. 

There is a curious resemblance, moreover, between 
one of the experiments of Boyle, and the most cele- 
brated experiment of Eumford. Boyle employed three 
men, accustomed to the work, to hammer nimbly a 
piece of iron. They made the metal so hot, that it 
could not be safely touched. As in the case of Rum- 
ford, people were looking on at this experiment, and 
Boyle's people, like those of Rumford, were struck 
with wonder, to see the sulphur of gunpowder ignited 
by heat prodticed without any fire. Hooke is equally 
clear as regards the nature of heat, and like Rumford 
himself, but more than a century before him, he com- 
pares the vibrations of beat with sonoroiia vibrationst 
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That Rumford went beyond these men is not to be 
denied. It could not be otherwise with a spirit bo 
original and penetrating. But to epeak of the space 
between bim and Aris-totle as if it were a Bcientific 
Tacnum is surely a miiitake. 



While in Paris, Rumford made tbe acquaintance of 
Madame Lavoisier, a lady of wealth, spirit, and social 
distinction ; and. it ia to be added, a lady of temper. Her 
illuBtrious hiialiand had sutfered under tbe guillotine 
on May 8, 1794; and inheriting his great name, to- 
gether with a fortune of three million francs, she 
gathered round her, in her receptions, the most dis 
tinguished society of Paris. She and Rumford became 
friends, the frieudahip afterwards passing into what was 
thought to be genuine affection. The Elector of Bavaria 
took great interest in Rumford's projeuted marriage, 
and when that consummation came near, settled upon 
him an annuity of 4,000 florins. Before their mar- 
riage he was joined by Madame Lavoisier at Munich, 
whence they made a tour to Switzerland. In a letter 
to his daughter he thus describes his bride-elect : ' I 
made the acquaintance of this very amiable woman 

I in Paris, who, I believe, would have no objection to 
having me for a husband, and who in all respects 
would be a proper match for me. She is a widow 
without children, never having had any; is about my 
own age [she was four years younger than Rumford], 
enjoys good health, is very pleasant in society, has a 
ha.ndaome fortune at her own disposal, enjoys a most re- 
spectable reputation, keeps a good house, which is 
firequented by all the first philosophers and men of 
eminence in the science and literature of the age, or 
rather of Paiis ; and, what is more than all the rest, 
a goodness itself.' He goes on to describe her u 
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having been very handsome in her day, ' and even now 
at forty-six or forty-eight is not bad-looking.' He 
describes her as rather embonpoinl, with a great deal 
of vivacity, and as writing incomparably well. 

Before the marriage could take place he wai 
obliged to obtain from America certificates of bis birth, 
end of tlie death of his former wife. All preliminaries 
having been arranged, Count Ruraford and Madame 
Lavoisier were married in Paris, on October 24, 1805. 
He describes the house in which they lived, Rue 
d'Anjou, No, 39, as a paradise. ' Removed from the 
noise and bustle of the street, facing full to the south, 
Id the midst of a beautiful garden of more than two 
acres, well planted with trees and shrubbery. The 
entrance from the street ia through an iron gate by a 
beautiful winding avenue well planted, and the porter'a 
lodge ia by the side of this gate; a great bell to ba 
rung in case of ceremonious visits.' Long after this 
event Rumford's daughter commented on it thus; — 
' It seems there had been an acquaintance between 
these parties of four years before the marriage. It 
might be thought a long space of time for perfect ao- 
quaintance. But, " ah Providence I thy ways are past 
finding out." ' 

In a letter written to his daughter two months after 
hia marriage, he det^cribes their style of living as really 
magnificent; his wife as exceedingly fond of company, 
jn the midst of which she make^ a splendid figure. 
She seldom went out, but kept open house to ail the 
great and worthy. He describes their dinners and 
evening teas, which must have been trying to a man 
who longed for quiet. He could have borne the din- 
ners, but the teas and their gossip annoyed him. 
Instead of living melodious days, his life gradually be- 
came a discord, and on January 15, 1806, he coofidei 
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to hie daughter, as a family secret, that he is * not at 
all sure that two certain persons were not wholly miB- 
taken in their marriage as to each other's charac- 
ter.' The dinouement hastened ; and on the first 
anniversary of hia marriage he writes thus to bia 
daughter: — 'My dear child, — This hdngthe first year's 
anniversary of my marriage, from what I wrote two 
months after it you will be curious to know how things 
stand at present. I am sorry tu s;iy that experience 
only seivea to confirm me in the hi.Uef that in charac- 
ter and natm-al propensities Madame de Rumford and 
myself are totally unlike, and never ought to have 
thought of marrying. We are, besides, both t-oo in- 
dependent in our sentiments and habits of life to 
liire peaceably together — she having been mistress all 
her days of her actions, and I, with no less liberty, 
leading for the most part the life of a bachelor. Very 
likely she is as much disaffected towards me as I am 
towards her. Little it matters with me, but I call her 
a female dragon — simply by that gentle name I We 
have got to the pitch of my insisting on one thing and 
she on another.' 

On the second anniversary of his marriage, matters 
were worse. The quarrels between him and Madame 
had become more violent and open, and having used 
the word quarrels to his daughter, he gives the follow- 
ing sample of them : — ' I am almost afraid to tell you 
the story, my good child, lest in future you should not 
be good; lest what I am about relating should set you 
a bad example, make you passionate, and so on. But 
I bad been made very angry. A luige party had been 
invited I neither liked nor approved of, and invited for 
tte sole purpose of vexing me. Our house being in 
the centre of the garden, walled around, with iron 
gates, I put on my bat, walked down to the porter*! 
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lodge, and gave him orders, on his peril, not to let 
any one in. Besides, I took away the keys. Madame 
went down, and when the company arrived, she talked 
with them, — she on one side, they on the otlier, of the 
high brick wall. After that she goes and pom-a boiling 
water on some of my beautiful flowers.' 

Sii months later, the sounds of lamentation and 
woe are continued. There was no alteration for the 
better. He thought of separation, but the house and 
garden in the Rue d'Anjou being a joint concern, legal 
difficulties arose as to the division of it. ' I have suf- 
fered,' he says to his daughter, ' more than you can 
imagine for the last four weeks; but my rights are 
incontestable, and I am determined to maintain them. 
I have the misfortune to be married to one of the 
most imperious, tyrannical, imfeeling women that ever 
existed, and whose perseverance in pursuing an object 
is equal to her profound conning and wickedness in 
framing it.' He purposed taking a house at Auteuil. 
It would be unfortunate if, notwitliptanriing all the 
bounties of the King of Bavaria, he could not live 

ire independently than with this unfeeling, cunning, 
tyrannical woman. ' Alaa I little do we know people 
at first sight 1 Do you preserve my letters ? You will 
perceive that I have given very different accounts of 
this woman, for lady I cannot cull her.' He describes 
his habitation as no longer the abode of peace. He 
breakfasts alone in his apartment, while to his infinite 

igrin most of the visitors are his wife's determined 
adherents. He ia sometimes present at her tea-parties, 
but finds little to amuse him. 'I have waited,' he 
aaya (which we may doubt), 'with great, I may say 
unexampled patience, for a return of reason and a 
change of conduct, but I am firmly resolved not to be 
driven from my ground, not even by disgust. A sepa- 
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latioD,' he adds, ' is unavoidable, for it would be highly 
improper for me to continue with a person who has 
given me so many proofs of her implacable hatred and 
malice.' 

The lease of the villa at Auteuil was purchased by 
Bumtbrd in 1808. The separation between him and 
his wife took place 'amicably' on the 13th of June> 
1809. Ever afterwards, however, anger rankled in his 
heart. He never mentions his wife but in terms of 
repugnance and condemnation. His release from her fills 
him with unnatural jubilation. On the fourth anni- 
versary of his weddinjr-day he writes to his daughter : — 
' I make choice of this day to write to you, in reality to 
testify joy, but joy that I am away from her,' On 
the fifth anniversary he writes thus: — 'You will perceive 
that this is the anniversary of my mari'iage. I am 
happy to call it to mind that I may compare my present 
situation with the three and a half horrible years I 
was living with that tyrannical, avaricious, unfeeling 
woman.' The closing six months of his married life he 
describes as a purgatory sufficiently painful to do away 
with the sins of a thousand years. Eiimford, in fact, 
writes with the bitteniess of a defeated man. His wife 
retained her friends, while he, who a short time pre- 
viously had been the observed of all observers, found 
himself practically isolated. This was a new and bitter 
experience, the thought of which, pressing on him CK)n- 
tinually, destroyed all magnanimity in his references 
to her. 

From 1772 to 1800, Eumford'a house at Auteuil 
had been the residence of the widow of a man highly 
celebrated in his day as a freethinker, but whom Lange 
describes as ' the vain and superficial Hetvetius.' It ia 
also the house in which, in the month of January 1870, 
the young joumalist Victor Noir was shot dead by Prince 
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Pierre Bonaparte. Here, towards the end of 1811, tha 
Count waw joined by his daughter. They found pleasure 
in each other's company, but the affection between them 
does not appear to have been intense. In his conveisa- | 
tiona with her the source of his bitterness appears. 'I 
have not,' he says, ' deserved to have so many enemies ; 
hut it is all from coming into France, and forming thia ■ 
horrible connection. I believe that woman was born to 
he the torment of my life.' The house and gardens were | 
beautiful; tuftedwoods. winding paths, grapes in abimd- 
ance, and fifty kinds of roses. Notwithstanding his 
hostility to his wife, he permitted her to visit him oa 
apparently amicable terms. The daughter paints her 
character as admirable, ascribing their differences to 
individual independence arising from having been accu»- ^ 
tomed to rule in their respective ways : ' It was a fine ' 
match, could they but have agreed.' One day in driving 
out with her father, she remarked to him how odd it 
was that he and his wife could not get on together, ' 
when they seemed so friendly to each other, adding that 
it struck her that Madame de Rumtbrd could not be in 
her right mind. He replied bitterly, 'Her mind ia, 
as it has ever been, to act differently from what she 
appears.' 

The statcRman Guizot was one of Madama do 
Rumford's most intimate friends, and bis account of her 
and her house is certainly calculated to modify tha 
account of both given by her husband. Rumford became 
her guest at a time when he enjoyed in public 'a splendid 
scientific popularity. His spirit was lofty, his conversa- 
tion was full of interest, and his manners were marked 
by gentle kindness. Ha made himself agreeable to 
Madama Lavoisier. He accorded with her habits, her 
tastes, one might almost say with her reminiscences. 
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.... She married him, faapp; to offer to a dis- 
tinguished man a great fortune and a most agreeable 
existence.' Guizot, who writes thus, goes on to state 
that their characters and temperaments were incom- 
patible. They hail both grown to maturity accustcHned 
to independence, which it is not always easy even for 
tender affection to stifle. The lady had stipulated, on 
her second marriage, that she should be permitted to 
retain the name of Lavoisier, calling herself Madame 
Lavoisier de Eumford, This proved disagreeable to 
the Count, but she was not to be moved from her de- 
termination to retain the name. ' I have,' she says, 
* at the bottom of my heart a profound conviction that 
M. de Eumford will not disapprove of me for it, and 
that on taking time for reflection, lie will permit me 
to continue to fulfil a duty which I regard as sacred.' 
Gaizot aiida that the hope proved deceptive, and that 
'after some domestic agitations, which M. de Rumford, 
with more of tact, might have kept, from becoming 
so notorious, a. separation became necessary.' Guizot 
describes her dinners and receptions during the re- 
maining twenty-seven years of her life as delightfuL 
Cultivated intellects, piquant and serious conversation, 
excellent music, freedom of mind and tongue, without 
personal antagonism or political bias, ' license of thought 
and speech without any distrust or disquiet as to what 
Authority might judge or say — a privilege then more 
precious than any one to-day imagines, just as one who 
has breathed under an air-pump can beat appreciate 
the delight of free respiration.' One cannot, however, 
forget the pouring of boiling water over the ' beautiful 
flowers.' 

The 'Gentleman's Magazine' for 1814 describes the 
aeclusion in which Romford's later days were spent. 
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feet like ice and lu head like are. Tbe desigiiaaf 1 
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Uuk feeling for tbem. He bad do taste for poetry^bofc J 
great taste for landseape-gardening. In later life his 1 
babiU were most abstemioas, aod it is said that hia-l 
itrength was in this way so reduced as to reader him \ 
uimble to rc-sist his last illness. After three days' Buf- 
fering froro ner^'ous fever he succumbed on August 21, 
I8I4, when he was on the eve of returning to Eoglaad. 
lie was buried in the small cemetery of Aiiteuil, which 
ban «nce l>eeD disused as a place of burial. The giave, 1 
■ays Dr, Ellis, is marked by a horizontal stone — uv£ I 
pierre tumulawe — and by a perpeudicular monument i 
6 feet high, 6 feet in breadth, and 3^ feet in thickaeaa. .] 
Both are of marble, and bear inscriptions as follows. 
That on the monument is :- 
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de 

Bbnjamih Tjtohpbok, 

Comte de Rumford, 

Dfi en 1763, & Concord ' pr^B Boston, 

en Am6riqne, 

moit le 21 AoQt, 1S14, i AntealL 

Phjsioien o61&bre, 

rhilanthrope ^clairS. 

MB dficonvei'.ea sat la lumi^Ta 

et la chaleor 

ont lUustiK son nom. 

Ses travanx pour amSliorer 

le sort des pauvres 

le feront tonjou 



The Sat Btone is thus inscribed ; — 

Lieutenant Gfin^ral, 

Chef de I'Etul-Majar GenSml, 

CoaselUer d'ElaC, 

itiiniatre de la OaslTe. 

En Franco 
Uembre de t'loatitat, 
Aoadfinie dea Soiencea, 



Kumfobd's Scientific Work. 

As a factor in human affairs, Rumford ascribed to 
gunpowder a dominant importance. No other invention 
had exercised so great an influence. Hence the arduous 
labour he expended in determining its action. At 

IStoneland Lodge, the country Feat of Lord Genrge 
Germain, in the year 1778, his inquiries into the 
force and applications of gunpowder hi^gan. He directed 
bis attention to the position of the vent, the weight and 
pressure of the charge, its bursting power, the quickness 
of combustion, the weight and velocity of the projectile, 
the effect of windage, and to many other matters of in- 
terest to the gunner. On all these questions he threw 
> Ooght to be Wobnni. 
^ 
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important light. The velocity was determined in two 
ways : first, by the ballistic pendulum, invented ty 
his predecessor and namesake, Benjamin Robins; and I 
Becondly, from the recoil of the gun itself. The ballistic J 
pendulum is a heavy mass, bo suspended as to be capablo T 
of free oscillation. Against it the bullet is projected, J 
and from the weight of the bullet, the weight of the I 
pendulum, and the arc, or distance, through which it ii 
urged by the bullet, the velocity of the latter may bftfl 
calculated. 

To determine the recoil of the gun, he had it s 
pended by a bifilar arrangement, which permitted it to J 
Bwing back when it was fired. Action and reaction h 
equal, the momentum of the gun was the momentum a 
the bullet on leaving the gun, and from the weight o 
the piece, and the arc of recoil, the velocity of the bulletS 
was computed. ' The agreement between the results] 
obtained by these two methods was in many cases r^a 
markable. Until quite recently, Rumford's experimei 
on the force of gunpowder were considered to be t 
best extant. A miud so observant could not fail t 
notice the heating effects produced by the percussion of 1 
the bullet against its target, and by the jar of the gun I 
at the moment of its discharge. By such facts he a 
naturally led to refiect on that connection between J 
mechanical power and heut which he afterwards did ho J 
much to iUustrate and develop. 

The phenomena both of light and heat faacini 
him ; and we accordingly find him from time to t 
abandoning practical aims, and seeking for knowledgi 
which had no apparent practical outcome. Thus we » 
him experimenting on the action of green ve, 
and other matters upon light, or rather the action ( 
light on the green leaves of plants. From this inquj 
he turned to estimate the quantities of moisture t 
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vp by different Butstances in Immid air. Sheep's wool 
he found to be the most absorbent, while cotton wool 
and ravellings of fine linen were among the least. These 
experiments he regarded as of the highest importance, 
as they explained, to his mind, the salubrity of flannel 
when worn nest the skin. Its healthfulnesa he ascribed 
to ita power of taking up the moisture of the body, 
sensible and insensible, and dispersing it by evaporation 
in the air. 



The propagation of heat in fluids was but imperfectly 
anderatood when Rumford took the subject up. In 
various parts of his writings he dwells on the importance 
of what he calls accidental observations, deeming them 
more fruitful than those which have sprung from the 
more recondite thoughts of the philosopher. But acci- 
dents, however numerous, if they fail to reach the 
proper soil are barren. Eumford ascribed to accident 
the investigations now referred to. He had been experi- 
menting upon liquids, employing bulbs of copper with 
glass tubes attached to them. On one occasion, having 
filled his bulb and tube with spirits of wine, and heated 
the liquid, he placed it to cool in a window where the 
son happened to shine upon it. Particles of dust had 
found their way into the spirit, and the sun, shioing on 
these particles, made their motions vividly apparent. 
Along the axis of his tube the illuminated particles rose ; 
along its sides they fell, thus making manifest the 
currents within the liquid. The reason of this circula- 
tion is obvious enough. The glass tube in contact with 
the cold air had its temperature lowered. The glass 
drew heat from the liquid in contact with it, which 
thereby being rendered more dense, fell along the mdes 
of the tube, while, to supply its place, the lighter liquid 
rose along the axis. The motion here described is 
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exactly that of the great geyser of Iceland. The watrt 
falls along the sides of the g^ysei tube, and rises a 
the asia. In this way, then, heat is proprigated thn 
liquids. It is a case of bodily transport by currents, andS 
Dot one of true conduction from molecule to moleculsil 

It immediately occurred to Rumford to hamperthicl 
motion of convection. He called to mind an obserratitat J 
he bad made at Baiie, where the water of the sea beii^ I 
cool to the touch, the sand a few inches below the water 1 
was intolerably hot. This he ascribed to the impedi-,1 
ment offered by the sand to the upward diffusion of tha ' 
heat. The length of time required by stewed apples toJ 
coo] also occurred to him. He had frequently boi 
his mouth by a spoonful of apple taken &om the c 
of a dish after the surface had become cool. He devi 
tbermometers with a view of bringing his notions to a 
experimental test. With pure water be compared w 
slightly thickened with starch, water containing eidei>«1 
down, and stewed apples braised into a pidp which coiw 1 
sisted almost wholly of water. In all cases ha found J 
the propagation of beat impeded, and cooling retardoc 
by everything that prevented the formation of currents 
As he pursued hia inquiries, the idea became more a 
more fixed in his mind that convection is the m 
means by which heat is diffused in liqnids. He denied 
them all power of true conduction, and though his e 
periments did not, and could not prove this, they d 
prove that in the propagation of heat through th#j 
liquids he examined, which were water, oil, and mercuryj 
conduction played an extremely subordinate part. 

Rumford changes from time to time the tone of tl 
pliilosopher for that of the preacher. He seems filli 
with religious enthusiasm on contemplating what h* 
holds to be the wisdom and benevolence displayed i 
the arrangement of the physical world. One fact i 
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particular excited this emotion, De Luc had pointed 
out that when wateriscooled, it Ebrinks in volume, until 

JtreaoheBatemperatureof about4lJ°Fahr. At this point 
it ceasea to contract, and expands wheD cooled etill fur- 
ther. The expansion we now know to he due to incipi- 
ent crystallisation, or freezing, which, wlien it ODce Bets 
in, greatly, and suddenly, enhances the expansion. A con- 
sequence of this is that ice floats as a lighter body upon 
wat«r. This fact riveted the attention of Riimford, and 
its obvious consequences filled him with the enthusiasm 
to which I have referred. He was strong, but untrained, 
and hi3 language was not always such as a truly dis- 
ciplined man of science would employ. 'Let me,' he 
eays, ' beg the attention of my reader, while I endeavour 
to investigate this most interesting suhject, and let me 
at the same time bespeak his candour and indulgence. 
I feel the danger to which a mortal exposes himself who 
has the temerity to undertake to explain the designs of 
Infinite Wisdom, The enterprise is adventurous, but it 
cannot surely be improper.' 

He ' explains ' accordingly ; and notwithstanding 
his professed humility, does not hesitate to brand those 
who fail to see with his eyes as 'degraded, and quite 
callous to every ingenuous and noble sentiment.' He 
indulges in excursions of the imagination to show the 
misfortunes that woidd accrue if the arrangement of the 
world had been different from what it is. ' Had not 
Providence, in a manner which may be well considered 
as miraculous,' stopped the contraction of water before 
it reached its freezing point, and caused it to expand 
afterwards, a single winter would freeze every fresh-water 
lake within the polar circle to a vast depth, ' and it is 
more than probable that thercgionsof eternal frost would 
have spread on every side from the poles, and, advancing 
towards the equator, would have extended its dreai^ 
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III" in<»t rnrtlltt and most inha Mto J t li i ini of tke 
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Uttflitiil* fur wiiiiiliT Clint everjvhere arooDd us; but 
ItHhiU't tniittb iii)(. Im I'lillivated at the expense of tnith. 
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U'Ht)t'in\ tiiilll )i1k Mtrikiiig teleological ugararat is 
tttiitfii ill tin n ri«>r« (inii^kuiDd. The fact he adduces 
HI) tltll'jDii U mil itti rxccptton to a universal Uw. 
'ftlftl* nf "ItiHr ■iitwl iincoH, to which bis reasMiing 
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M'ltt" tlH'cMitiiiif (.11 llip lift) of our planet must have ei- 
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tf heat bo a iiibNtunco — a fluid svi generis — it must h 
Hoiiietbing so infinitely rare, even in ita condensed state^ ■ 
aa to liafHe all our att«mptB to diacover ita gravlty.l^ 
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But * if the opinion which has been adopted by many of 
our ablext philosophers, that heat is an intestine vibra- 
tory motion of the coDtitituent parts of bodies, should 
he well founded, it is clear that the weights of bodies 
he in do wise affected by such motion.' The weight 
of a bell, he urges in another place, ia not affected by 
its sonorous vibration. 

Early in the year 1803, he being then in Munich, 
Rmnford broke ground in the domain of radiant heat. 
He prepared bright metallic vessels, filled them with 
hot water, place<l them in a large and quiet room, and 
observed the time required to cool them down a certain 
number of degrees. Covering some of his vessels with 
Irish linen and leaving others bare, he found, to his 
surprise, that the covered vessels were more rapidly 
chilled tlian the naked ones. Comparing in the same 
room a thick ghiss bottle, filled with hot water, with a 
tin bottle of the same shape and size, he found that the 
water in the glass vessel cooled twice as rapidly aa that 
in the tin one. When, moreover, he coated hia metallia 
vessel with glue, the cooling process was hastened, as it 
had been by the linen. Applying a second, a third, and 
a fourth coating of glue, he found the chilling pro- 
moted. Here, however, he came to a point where the 
addition of any further coatings produced a retardation 
of the chilling. Painting some of his vessels black and 
some white, he found the times of cooling to be practi- 
cally the same for both — a result which he seems to 
have afterwards forgotten. From these and other ex- 
periments of the same kind he drew the just conclusion 
that a hot body doe^ not lose its heat by the mere com- 
munication of it to the air, but that a large proportion 
of the heat escapes in rays, the escape beiug facilitated 
by the substances with which his vessels were coated. 
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Tbe more rapid chilling of the glass bottle waa due, in i 
lite manner, to the fact that glae 
radiative power than tin. 

He next applies himself with energy, zeal, aod J 
tena,citj to prove that there are frigorific rays which, 1 
act in all respects like calorific rays, and which enjoy 
an individuality quite as assured as that of the latter. 
He pictures his frigoriGc rays as produced by vibrations 
of a special kind. In Pictet's celebrated experiment 
of conjugate mirrors, and in many other experimente, 
chilling by a cold body showed itself to be so exactly 
analogous to heutiog by a warm one, that Eumford 
never could shake from his mind the notion of rays of 
cold. The fall of the thermometer in one focus when a 
lump of ice was placed in the other, was in his view 
caused by a positive emission of cold rays from the ice, 
and not by its absorption of the heat radiated against it 
by the thermometer. These frigorific rays, he says, 
were suspected by Bacon. Their existence was actually J 
established by the academicians of Florence, but these j 
learned gentlemen were so ' blinded by their prejudicea 'J 
respecting the nature of heat, that they did not believe I 
the report of their own eyes,' 

Kumford indulges in various untenable speculations 
and erroneous notions regarding the part played by 
clothing, by the blackness of the negro's skin, and by 
the oiled surface of the Hottentot, We are, he con- 
tends, kept warm by our clothing, not so much by con- 
fining our heat as by keeping off the frigorific rays 
which tend to cool us. He reverts to the respective 
cases of a black and a white man, and describes an ex- 
periment whicli elucidates his views. He covered two of 
his vessels with goldbeater's skin, and painted one of J 
them black with Indian ink, leaving the other of its J 
oatural white culoui. Filling both vessels with hut 
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water, be left them to cool in the air of a large, quiet 
room. The vessel covered with the black skin repre- 
Bentedu negro, the other vessel a white man; and the re- 
sult was Uiat wljile the black required oalj 23^ minutes 
to cool, the white man required 28 minutes. The prac- 
tical issue of the experiment is thus stated : — 'All I will 
venture to say on the subject is, that were I called to 
inhabit a very hot country, nothing should prevent me 
from making the experiment of blackening my skin, or 
at least of wearing a black shirt, in the shade, and espe- 
cially at night, in order to find out if, by those means, 
I could not contrive to make myself more comfortable.' 

There was at times a headstrong element, if I may 
use tile term, in Rumford's scientific reasoning. He 
here overlooks the fact that in a former experiment he 
found scarcely an appreciable difference between white 
and black as regards their powers of cooling. He also 
forgets the possible influence of a second coating, which 
his former experiments had revealed. As regards the 
negro and the white man, Rumford's first experiment 
illustrated the case more correctly than hia subsequent 
ones. There are, moreover, transparent substances 
which, used as varnishes, would not have impaired the 
whiteness of the goldbeater's skin, hut which would have 
hastened the cooling even more than the Indian ink. 

Those who are acquainted with Sir John Leslie's 
experiments on radiant heat will not fail to notice that 
he and Kumford travelled over common ground. With 
a view of setting tJiis matter right Eumford wrote a 
paper entitled ' Historical Review of Experiments on 
the Subject of Heat,' in which he shows that his experi- 
ments were not only talked about and executed before 
learned societies, but that they were in part published 
prior to the appearance of Leslie's celebrated work in 
1804. Still, the style of that work furnishes, I think, 
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intfrnal evidence of ita perfectly independent character, 
while the extent and variety of Leslie's labours render 
it practically impossible that they could have been de- 
rived from anything that Rumfortl had previously done. 
The two philosophers had no personal knowledge oi 
each other, and the credit to be awarded, where they 
deiil with the same subject, belongs, I think, equally 
to both. 

liumford's experimental work wae far smaller in 
quantity than that of Leslie, but in regard to theory he 
musi beeonceded the highest place. In theory Leslie was 
inconsistent and confused, while Eiimford, judged by 
the circumstances of his time, was in the main clear and 
correct. The part played by the luminiferous ether in 
the phenomena of light had been revived and enforced 
by the powerful experiments of Dr. Thomas Young. 
The iindulalory hypolhesis was therefore at band, and 
Riurifordmade ample useof it. He has writtenapaper 
entitled ' Kcflections on Heat,' in which he describes 
the views regarding its nature that were prevalent in 
his time. ' Some,' he says, ' regard it as a aubata-nce, 
ciphers as a vibratory motion of the particles of matter 
of which a body is composed.' The heating of a body 
is, on the one hypothesis, due to the accumulation 
within it of caloric, while others hold the heating to be 
due to the acceleration of tlie vibratory motion, ' On 
the hypothesis of vibratory motion, a body which has 
become cold Ja thought to have lust nothing except 
motion ; on the other hypothesis, it is supposed to have 
lost some material substance.' The loss of motion 
Etimford dearly appi'ehends to be due to its communica- 
tion to *an eminently elastic fluid — au ether which fills 
all space throughout the univeree.' The thearetii: notione 
thus expressed are, in point of clearness and correct- 
ness, lar in advance of those entertained by Leslie. 
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Am atmdj inciiK<nn)l, tbe Cm! «f watbar chugti^ 
ib desaty at a to^entne of 40^ Fabr. povnfiiU; 
■Seeted tike mind of Bomfbcd. On tint mlgect be 
made Dusy expeaineitU;aikd«eof tbe nuDor appliok^ 
tioos of the knowledge tlnis dented nay be here ooted. 
In Gompany wit^ bis friettd Professor Pictet, of Oenevs, 
he paid a visit to tlie Mer de Glace, and dificovired 
in tbe ice a pit ' perfectlj <7liDdncal, about seven inohua 
in diameter, and more thao four feet deep, ifuite full of 
water/ He «-a5 informed by hia giiides that these pita 
are formed in snmmer, and gradually increfu« in depth 
during the warm weather. How can these pits deepen f 
Bnmford answers thus : — The warm winds whioh in 
summer blow over tbe surfiuie of the column of ioe-eold 
water, commuoicate some small degree of heat to thp 
fluid. The water at the surface being thus rendered 
specifically heavier, sinks to the bottom of the pit, to 
which the heat thus carried down is comtnunioated. 
melting the ice and increasing the depth of the pit. We 
have here a small specimen of Rumford's penetnitiun, 
but it is a very interesting one. The aim's invisible! 
raya, however, are probably more influential than tbe 
action of tbe warm wind in producing the observed 
effect. 

Variuua interesting experiments were made by 
Eumford on what is now known aa 'surface-tenHion.' 
From his experiments he interred that tlie surface of a 
liquid — of water, fur example — ib covered by a pelliolo 
which can be caused to tremble througliout by touching 
it with tbe point of a needle, lie proposed to tbe 
geometricians of Paris to determine tlie shape of a drop 
resting on a horizontal surface, and restraiiiod itolely by 
the resistance of a pellicle exerting a given force on lU 
surface. Thi»< pellicle he cnnsiders to be dui) to thn 
(dheaion of the particles of liquids to each other, and b« 
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mjkeii various ingenious caJc illations to detenniiie the 
size of a purticle of lieavy matter — of gold, for iDstuaub 
— which would rest suspended in water because of its 
inability to force asunder the particles of the liquid.. . 
The diameter of a sphere of guld wliich would behave J 
in this way he found to be g g ^'e o 5 °^ ^^ inch. 

Even among scientific men, probably few ai-e awara 
that Rumfurd experimented on the diffusion of liquids; 
a field of investigation in which Graham afterwards 
rendered himself so eminent. Into a glass cyhnder, 1 J , 
inch in diameter and 8 inches high, he poured a layer | 
of saturated aqueous solution of muriaLe of soda 3 incheA J 
thick ; over this he carefully poured a layer of distilled T 
water of the same thickness ; he then let a drop of tho I 
oil of cloves fall into the vessel. This oil, being heavier I 
than the pure water and lighter than the solution, 
rested as a sphere at the common boundary of the two 1 
liquids. A layer of olive oil four lines in thickness waa I 
then poured over the water, in order to shut off the a 
The object of the experiment was to ascertain whether 1 
one liquid remained permanently superposed upon the i 
other without any mixing. If this proved to be the 1 
case, the position of the drop oi oil would remain con- J 
stant; but if the heavy raiiieial solution rose into I 
the water overhead, the drop of oil, which Eumford | 
called his 'little sentinel,' would warn him of the*! 
event hy rising in the liquid. After twenty-four I 
liours he entered the cellar in which the experiment i 
was made, and found that the littk; ball of oil had risen ] 
three lines. For six days it continued to rise at the J 
rate of about three lines a day. He afterwards exp&« | 
ri men ted with other solutions, the residt being 'that | 
the mixture went on continually, but very slowly, be- 
tween the various aqueous solutions employed and the { 
distilled water resting upon them.* Bumford's experi' 
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ments were probably prompted by his views on mole- 
cular physics. He would hardly liave thought of the 
foregoing arrangement were not the intfi^tine motions 
of the ultimate particles of bodies present to his mind. 
He was, moreover, quite aware of the importance of the 
result here establiahed. The subject had often occupied 
his thoughts, and he had at different times made 'a 
considerable number of expeiimenta with a view oi 
throwing light into the profound darkness with which 
the subject is shrouded on every side.' 

He devoted his attention to steam, considered as a 
vehicle for transporting heat ; he sought for the means 
of increasing the heat obtained from fuel ; he devised 
a new steam-boiler, in which we have a forecast of 
the tubular boiler of George Stephenson. After some 
preliminary experiments on wood and charcoal, he 
definitely took up the important investigation of the 
quantity of heat developed in combustion, and in the 
condensation of vapoiirs. He described the new calori- 
meter employed in the inquiry. It was a kind of worm 
through which the heated air and products of combus 
tion were led, and in which the heat was delivered up 
to coM water surrounding the worm. 

He experimented upon white wax, spirit of wine, 
alcohol, Hulphmio ether, naphtha, charcoal, wood, and 
inflammable gases. Wheneverit was possible heaimed 
at quantitative results, and in the present instance he 
' estimated the calorific power of a body by the number 
of parts by weight, of water, which one part by weight 
of the body would, on perfect combustion, raise one 
degree in temperature. Thus 1 lb. of charcoal, in com- 
bining with 2^ lbs. of oxygen, to form carbonic acid, 
evolves heat sufficient to raise the temperature of about 
8,000 lbs. of water 1° C. Similarly, I lb. of hydrogen, 
to combining with 8 lbs. of oxygen, to form water, 
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generates an amount of heat sufficient to raiSe 34,000 
lbs. of water 1° C. The oaloi'ific powers, therefore, of 
carbon and hyrlroi^en are as 8 : 34. The refined re- 
searches of Favre and Silbermann entirely confirm 
these determinations of Eumford' (Percy). Follow- 
ing the experiments on combustion, we have others 
made to determine the quantity of heat set free by 
the condensation of various vapours, and the capacity 
of various liquids for heat. We have also an elaborate 
inquiry into the Btriicture of wood, the specific gravity i 
of its solid parts, the liquids and elastic fluids contained 1 
in it, the quantity of charcoal to be obtained from it, 
and the heat generated by the combustion of wood of I 
different kinds. 



I 

i 



But the main object of Eumford's life and the sub- 
ject, which chiefly interested him was the practical 
management of fire, and the economy of fuel. Eighty- 
seven pages of the second volume of his collected works J 
aie devoted to this subject. The whole of the third J 
volume is devoted to it, while a laige portion of the 1 
fourth and last volume is occupied with kindred ques- 
tions. Some of those essays are rather tiresome to a 
reader of the present day, and Ramford had a suspicion 
that they might appear so to conlempoiary readers. 
* I believe,' he says, ' iLat I am sumetimes too proUi 
for the taste of the age ; but it should be remembered 
that the subjects I have undertaken to investigate are 
by no means indifferent to me ; that I conceive them to 
be intimately connected with the comforts and enjoy- 
ments of mankind ; and that a habit of revolving them 
in my mind, and reflecting on their extensive usefulness, 
has uwakened my enthusiasm, and rendered it quite 
impossible for me to treat them with cold indifference.' 

For the most part, it is only when Rumford it) self. 
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conscious that this tedium appears. He wishes to ex- 
cite his leader's ioterest, and sometimes adopts means 
to this end nbicli defeat themselves. Such Ik the case 
wheD he dwells with reiteration on the refined and ex- 
quisite pleasure which he derives from being of service 
M humiiDity." Some also would deem him tedious, 
(hough I deem him courageous, when he deals with the 
details of his scliemes. He leaves no stone unturned in 
his effort to render himself clear. He is in many casea 
simply writing out a specification, to be followed in all 
particulars. He gives directions as to the manner in 
which a slice of hasty pudding is to he eaten, A email 
pit is to be dug in the centre of the cake, a piece of 
butter placed in the pit, while the removed bit is to be 
placed on the butter to aid in melting it. You then 
begin at the circumference of yoiu- pudding, and eat all 
round, dipping eacli piece in the butter before convey- 
ing it to the mouth. Such details were uure to provoke 
sarcasm, and they did provoke it. But amid the verbosity 
we have incessant flashes of practical wisdom and ex- 
amples of intellectual force. Whet] he ceases to think 
of the es(juisite delight of his philanthropic labours — 
ceases to think of himself — and permits his own per- 
sonality to be effaced by his subject, we see Rumford at 
Mb best; and his best was excellent. Suggestion fol- 
lows Buggi stion, experiment succeeds experiment, until 
he has finally exhausted liia subject, or is pulled up by 
inability to proceed further. 

He tested quantitatively the relative intensities of 
various lights, constructing, while doing so, his well- 
known photometer. Placing two lights Id front of a 
white screen, and at the same distance from it, and 
fixing an opaque rod between the lights and the screen, 
he obtained two shadoss corresponding to the two 
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lights. When the lights were equally intense, the 
shadows were equally dark, but when one of the lights 
was more powerful than the other, the shadow corre- 
Hponding to that other was rendered pale, becaiiee the 
light from the most intense source fell upon it. Re- 
moving the more intense light faither from the BOreen, 
until a point waa reached when the shadows appeared 
equal, Eumford ohtained all the elements necessary for 
the computation of the relative intensities of the lights. 
He had only to apply the law of inverse Skjuares, which 
makes a double distance correspond to a fourfold in- 
tensity, a treble distance to a ninefold intensity, and so 
on. In connection with these experiments he dwells 
repeatedly upon a defect which harasses the official gas- 
examiners of the present day, and that is, the fluctua- 
tions of the candles used as standards of nieasurement. 
These photometric measurements are succeeded by a 
brief but beautiful essay on ' Coloured Shadows,' which, 
in connection with another short essay on the ' Harmony 
of Colours,' strikingly illustrates Rumford's penetration 
and experimental skill. He produced two shadows, one 
from daylight, the other from candle-light. The daylight 
shadow being shone upon by the candle, was, as might ^ 
be expected, yellow, because the candle sheds a yellow ' 
light. But the other shadow, instead of being colour- 
less, was ' the most beautiful blue that it was possible | 
to imagine.' He states clearly that the colour of one ' 
shadow is real, while that of the other is imaginary. 
He finds it ' impossible to produce two shadows at the 
same time from the same body, the one answering to a 
beam of daylight, and the other to the light of a candle I 
or lamp, without thRse shadows being coloured, the one I 
yellow, and the other blue.' He obtained shadows . 
from a light coloured by means of interposed glasses, 
and compared them with shadows obtained from nn- 



^^^B GODNT BUMFORD. lYl 

eolonreil light. The ehadowa were always coloured 
when the lights differed from each other in whiteneBS, 
and the colours of the shadowa were always such as, 
when adiled together, produced a pure white. The 
real colour, in fact, evoked, or ' called up,' or summoned 
an imaginary complementary colour, Goethe probaUy 
derived tbeexpression ' geforderte Farben,' which occurs 
BO often in the ' Farbenlehre,' from the terminology of 
Ivumford. 

But the experiments and discussion on which the 
&me of Rumford mainly rests are described in an essay 
of twenty pages — a vanishing quantity when compared 
with the sum-total ol his published work. A cannon 
foundry had been built under his superintendence at 
Munich, where the heat developed during tJie boring of 
cannon powerfully attracted his attention. Upon this 
heat he made numerous tentative experiments, which 
are described in the essay. With the view of determin- 
ing ils exact quantity, he cut acylinder from the muzzle 
end of a gun not yet bored, partially hollowed out this 
cylinder, and fitted into it a borer which resembled a 
blunt chisel in shape. The borer being strongly pressed 
against the bottom of the cylinder, it was caused to ro- 
tate by horse-power. He surrounded his cylinder with 
a wooden box, filling the box with water which embraced 
the entire cylinder. Soon after the starting of the rota- 
tion, the water felt warm to the hand. In an hour 
it had risen to 107° in temperature. In two hours and 

I twenty minutes it had risen to 200°, while in two hours 
and thirty minutes it actually boiled. 
'Rumford carefully estimated the quantity of heat 
possessed by each portion of his apparatus at the con- 
clusion of bis experiment, and adding all together, 
found a total sufficient to raise 26-58 lbs. of ice-cold 
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water to its boiling-point, or through 180° Fahr. By\ 
careful calculation he found this heat equal to th^l 
given out by the combustion of 2303'8 grains ( = 4^ o 
troy) of WLix. He then determined the " celerity " 
which the heat was generated, summing up thua :- 
" From the res-ults of these computations it appeart 
that the quantity of heat produced equably, or in a con^ 
tinuoua stream, if I may use the expression, by thi 
friction of the blunt steel borer against the bottom o 
the hollow metallic cylinder, waa greater than that pro^fl 
duced in the combustion of nine was candles, eachfl 
three-quarters of an inch in diameter, all bornii^ 
together with clear bright flames." 

'"One horse," be continues, "would have beei 
equal to the work perfornaed, though two were actuallji 
employed. Heat may thus be produced merely by tite^ 
strength of a horse, and in a case of necessity, thU>J 
heat might be used in cooking victuals. But no cip 
cumstancea could be imagined in which this method ofl 
procuring heat would be advantageous ; for more hean 
niigbt be obtained by using the fodder necessary for th#i 
support of a horse as fuel." ' 

This is an extremely significant passage, intimatingj 
aa it does, that Rumford saw clearly that the force o 
animals was derived from the food, no creation of foree^ 
taking place in tlie animal body. 

' By meditating on the results of all these experi4 
ments, we are naturally,' he aaya, ' brought to the grea 
question which has so often been the subject of apeca-^ 
lation among philosophers, namely. What is heat- 
there any such tiling as an igneous fluid? la tbertf] 
anything that, with propriety, can be called caloric? 

' We have seen that B very considerable quantity oil 
heat may be excited by the friction of two metaJlieB 
surfaces, and given off in a con^ilant stream or t 
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all directions, without interruption or intermission, and 
without any signs of diminution or exhauBtion. In 
reasoning on this subject, we must not forget that most 
remarkable cirr.um stance, thiit the source of the heat 
generated by friction in these esperimenta appeared 
evidently to be inexhaustible. It is hardly neccBsary 
to add that anything which any insulated body or 
system of bodies can continue to furnish without limi- 
tation cannot possibly be a material substance ; and it 
appears to me to be extremely difScult, if not quite 
impossible, to form any distinct idea of anything capa- 
ble of being excited and communicated in those expu- 
riments, except it be Motion.' ' 

' Beat a Hade cf JlfuMnt, Lectnra IL 




IN the early part of the present year the French 
original of this work was sent to me from Paris 
by its author. It was accompaniod by a letter from 
M. Pasteur, expreasing his desire to have the work 
translated and puhlislied in England. Responding 
to this desire, I placed the book in the hands of 
Messrs. Longman, who, in the exercise of their own 
judgment, decided on publication. The translation was 
confided, at my eugg'estion, to Lady Olaud Hamilton. 

The ti"aaslator'a task was not always au easy one, 
but it has, I think, been well executed. A few slight 
abbreviations, for which I am responsible, have been 
introduced, but in no case do they affect the sense. It 
was, moreover, found diBScult to render into suitable 
English the title of the original : — ' M, Pasteur, His- 
toire d'un Savant par un Ignorant.' A less piquant 
and antithetical English title was therefore substituted 
for the French one. 

This filial tribute, for such it is, was written, under 
the immediate supervision of M. Pasteur, by hia 
devoted and admiring son-in-law, M. Valery Eartot. Tt 
is the record of a life of extraordinary scientific ardour 
and success, the picture of a mind on which facts fall 
like germs upon a nutritive soil, and, like germs so . 

' Writtoii aa an JntrodticHon to the English traD5]atK>ii 
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favoured, unrti;rgo rapid increase and multiplication. 
One hardly knows which to admire most — the intuitive 
viBion which discerns in advance the new issues to 
which existing data point, or the skiU in device, the 
aduptafion of means to ends, whereby the intuition ia 
brought to the test and ordeal of experiment. 

In the investigation of microscopic organiams — the 
* infinitely little,' as Pouchet loved to call them — and 
their doings in this our world, M, Pasteur has found 
his true vocation. In this broad field it has been his 
good fortune to alight upon a crowd of connected 
problems of the highest public and scientific interest, 
ripe for Bolution, and requiring for their Bucceasfut 
treatment the precise culture and capacities which he 
has brought to bear upon them. He may regret his 
abandonment of molecular physics ; he may look fondly 
back upon the hopes with which his researches on the 
tai'trates and paratartrates inspired him ; he may think 
that great thing;* awaited him had he continued to 
labour jn this line. I do not doubt it. But this does 
not shake my conviction that he yielded to the natural 
affinities of hia intellect, that he obeyed its truest 
impulses, and reaped its richest rewards, in pursuing 
the line that he has chosen, and in which hia labours 
have rendered him one of the most conspicuous 
scientific figures of this age. 

Witli regard to the eailiest labours of M. Pasteur, 
a few remarks supplementary to those of M. Radot 
may be introduced here. The days when angels 
whispered into the hearkening human ear secrets 
which had no root in man's previous knowledge oi 
experience are gone for ever. The only revelation^ 
and surely it deserves the name — now open to the wise 
arises fiom ' intending the mind ' on acquired know- 
ledge. When, therefore, M. Radot, following M, Paa- 
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teuT, gptraks nith aach emphasis about * preconodTed 
ideas,' he cannot mean ideas without antecedeotB. 
Preconceived ideas — if out of deference to M. Pasteui 
the term be admitted — are the vintage of garnered 
facts. We in England shoidd rather call them induc- 
tions which, as M. Paat«ur truly says, inspire the mind 
and shape its course in the subsequent work of dedm 
tion and verification. 

At the time when M. Pasteur undertook his invei 
tigation of the diseases of silkworms, which led ■ 
such admirable results, he had never seen a silkwonan 
but GO far from this being considered a disqualifici 
tion, his friend M. Dumas regarded his freedom a 
positive advantage. His first care was to make hin 
self acquainted with what others had done. To thei 
observations he added his own, and then, surveyi 
all, came to the conclusion that the origin of t 
disease was to be sought, not in the worms, not in t 
eggs, but in the moths which laid the eggs. I am nCi| 
Bwre that this couciusion is happily described t 
preconceived idea.' Every whipster may have 1 
preconceived ideas ; but the divine power, eo larget^S 
shared by M. Pasteur, of di.-tilling from facts their] 
eesencea — of extracting from them the principles £ 
which they flow — is given only to a few. 

With regard to the discovery of crystalline facets H 
the tartrates, dwelt upon by M. Eadot, a brief reference 
to antecedent labours may be here allowed. Ithadbeen 
discovered by Arago, in 1811, and by Biot, in 1812 and 
1818, that a plate of rock-crjstal, cut perpendicular 
to the axis of the prism, and crossing a beam of plane 
polarised light, caused the plane of polarisation to 
rotate through an angle, dependent on the thickness g 
the plate and the refraugibility of the light. It.^ 
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moreover, been proved by Biot that there existed twc 
species of rock-crjstiil, one of which turned the plane 
of polarieation to the right, and the other to the left. 
They vjere called respectively, right-handed aad left- 
handed crystals. No external diffej'ence- of crystalline 
form was at first noticed which could furnisth a clue to 
this difference of action. But closer scrutiny revealed 
HpoD the crystals minute facets, which, in the one class, 
Tvere ranged along a right-handed, and, in the other, 
along a left-handed spiral. The symmetry of the 
hexagonal prism, and of the two terminal pyramids of 
the crystal, was disturbed by the introduction of these 
Bpirally-ar ranged facets. They constituted the outward 
and visible sign of that inward and invisible molecular 
Btnicture which produced the observed actaon, and 
difference of action, on polarised light. 

When, therefore, the celebrated Mitscberlich brought 
forward his tartrates and paratartratea of ammonia aad 
eoda, and affirmed them to possess the same atoms, the 
same internal arrangement of atoms, and the same out- 
ward crystalline form, one of them, nevertheless, oauaing 
the plane of polarisation to rotate, while the other did 
not, Pasteur, remembering no doubt the observations 
just described, instituted a search for facets like those 
discovered in rock-crystal, which, without altering 
chemical constitution, destroyed crystalline identity. 
He first found such fiicets in the tartrates, while he 
ubsequently proved the neutrality of the paratartrate 
to be due to the equal admixture of right-handed and 
left-handed crystals, one of which, when the paratartrate 
was dissolved, exactly neutralised the other. 

Prior to Pasteur the left-banded tartrate was un- 
known. Its discovery, moreover, was suppleniented by 
series of beautiful researches on the compounds of 
I xigbt-handed and left-handed tartaric acid ; he having 
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previously eit ratted from the two tartrates aoidswhicli, 

in regard to polarised light, behaved like themselves. 
Such was the wortliy openiDg of M. Pasteur's Bcieutifio 
career, which has been dwelt upon so frequently and 
emphatically by M. Radot. The woniier however is, 
iiot tliiit a searcher of such penetration aa Pasteur 
ehould have discovered the facets of the tartrates, but 
that an investigator so powerful and experienced aa 
Mitseherlich should have mianed them. 

The idea of molecular dissymmetry, introduced by 
Biot, was forced upon Biot'a mind bj the discovery of a 
nnmher of linuids, and of some vapours, which possessed 
the rotatory power. Some, moreover, turned the plane 
of pularisation to the right, others to Ihe left. Crystal- 
line structure being here out of the question, the notion 
of dissymmetry, derived from the crystal, was transferred 
to the molecule. ' To produce any such phenomena, 
says Sir John Heraehel, ' the individual molecule must 
be conceived as unsynametrically constituted.' The 
illustrations employed by M. Pastetirto elucidate thia 
subject, though well calculated to give a general idea 
of dissymmetry, will, I fear, render hut little aid to the 
reader in his attemptato realise moJecitia/- dissymmetry. 
Should difficulty be encountered here at the threshold 
of this work, I would recommBud the reader not to he \ 
daunted by it, or prevented by it from going further. 
He may comfort himself by the assurance that the con- 
ception of a dissymmetj'ic molecule is not a very precise j 
one, even in Ihe mind of M. Pasteur. 

One word more with regard to the parentage of ] 
preconceived ideas. M. Radot informs ua that at' 
Strasburg M. Piisteur invoked the aid of helices and j 
magnets, with a view to rendering crystals dissym- 
metrical at the moment of their formation. There'' 
can, I think, be but little doubt that such experiment* j 
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were anggested by the pregnant discovery of Faraday; 
publiahc-d in 1845. By b()th helices and magnets 
Faraday caused the plane of polarisation in perfectly 
neutral liquids an*! Bolids to rotate. If the turning of 
the plane of polarisation be a demonstration of mole- 
cular diEsymmetry, then, in the twinkling of an eye, 
Faraday waa ahle to displace symmetry by disaym- 
metry, and to confer upon bodies, which in their 
ordinary state were inert and dead, this power of 
rotation which M. Pasteur considers to be the ex- 
clusiye attribute of life. 

The conclusion of M. Pasteur here referred to, 
which M. Radot justly describes as 'worthy of the 
most serious consideration,' is sure to arrest the atten- 
tion of a large class of people, who, dreading ' mate- 
rialism,' are ready to welcome any generalisation 
which differentiates the living world from the dead. 
M. Pasteur considers that his researches point to an 
irrefragable physical barrier between organic and 
inorganic Nature, Never, he Bays, have you been able 
to produce in the laboratory, by the ordinary processes 
of chemistry, a disiiymmetric molecide — in other 
words, a Bubi-tance whicli, in a state of solution, where 
molecular forces are paramount, has the power of 
causing a polarised beam to rotate. This power be- 
longs exclusively to derivatives from the living world. 
Dissymmetric /orces, different from those of the labora- 
tory, are, in Pasteur's mind, the agents of vitality. 
They alone hnild up dissymmetric molecules which 
bafQe thn chemist when he attempts to reproduce them. 
Such molecules trace their ancestry to life alone. 
'Pourrait-on indiqiier une separation plus profonde 
entre les produits de la nature vivante, et ceux de la 
nature ininerale, que cette disaymetrie chez les uns, 
et son absence chez les autres?' It may be worth 
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calling to mind that molecular dissymmetry is iht 
idea, or ivferenoe, the obaeived rotatioo of the plane 

of polariBiition by masses of sensible magnitude being 
the fact, on which the inference is based. 

That the molecule, or unit brick, of an organism 
should be different from the molecule of a mineral is 
only to be expected, for otherwi,-e the profound dis- 
tinction between them would disappear. And that 
one of the differences between the two classes of mole- 
cules should he the possession, by the one, of this 
power of rotation, and its n on -possession by the other, 
would be a fact, interesting no doubt, but not surpris- 
ing. The critical point here has reference to the power 
and range of chemical processes, apart from the play of 
vitality. Beginning with the elements themaelveR, 
can they not he so combined as to produce orfranic com- 
pounds? Not to speak of the antecedent labours of 
Wohler and others in Germany, it is well known that 
various French investigators, amonii; whom are some of 
M, Pasteur's illustrious colleagues of the Academy, 
have succeeded in forming substances which were once 
universally regarded as capable of being elaborated by 
plants and animals alone. Even with regard to the 
rotation of the plane of polarisation, M. Jungfleiseh, 
an extremely able pupil of the celebrated Berthelot, 
affirms that the barrier erected by M. Pasteur has been 
broken down ; and though M. Pasteur questions this 
affirmation, it is at least hazardous, where so many 
supposed distinctions between organic and inorganic 
have been swept away, to erect a new one. For my 
part, I frankly confess my disbelief in its permanence. 

Without waiting for new facts, those already in our 
• possession tend, I think, to render the association 
which M, Pasteur seeks to establish between dissym- 
metry and life insecure. Quartz, aa a crystal, exerti 
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ft very poworful twiat on the plane of polarisation. 
Quartz dihbolved exerts no power at all. The mole- 
cuIeB of quartz, then, do not helong to the BJime category 
aE the crystal of which they are the constituents ; the 
former are symmetrical, the latter is dissymmetrical. 
This, in my opinion, is a very significant, fact. By the 
act of crystallisation, and without the intervention of 
life, the forces of molecules, possessing planes of sym- 
metry, are so compounded as to build up crystals which 
have no planes of symmetry. Thus, in passing from 
the symmrl rical to the dissymmetrical, we are not com- 
pelled to interpolate new forces; the forces extant in 
mineral nature suffice. The reasoning which applies 
to the dissymmetric crystal applies to the diasymme- 
tric molecide. The dissymmetry of the latter, however 
pronounced and complicated, arises from the compo- 
sition of atomic forces which, when reduced to their 
most elementary action, are exerted along straight 
lines. In 1865 I ventured, in reference to this subject, 
to define the position which I am still inclined to main- 
tain. ' It is the compoimdiog, in the organic vforld, 
of forces helongicg equally to the inorganic thatcon- 
fltitutcB the mystery and the miracle of vitality.' • 

Add to these considerations the discovery of Fara- 
day already adverted to. An electric current is not an 
organism, nor does a magnet possess life ; still, by 
their action, Faraday, in his first essay, converted over 
one hundred and fifty symmetric and inert aqueous 
solutions into dissymmetric and active ones.* 

' Art. ' Vilalitf,' FTagmentt of Siiienet, 6lh edit., tol. ii. p. 80. 

' In FBjroday 'fi induced dissymmetr;, the my bavlEg once passed 
throogli the bodjnoder magnelic iDfluencs.haa its rotation doubled 
iOBtead af neutralised, as in the cbbb of qumrtz, on being reflected 
back throug'h the bodj, Marbacli baa discovered that chlorate of 
soda produci:s circular polarisation in all directions through tha 
orysEAl, while in quarti it occnta oalj in the diiection of the axis. 
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Theory, however, may cl;ange, and infetence maj 
fade away, but scientific experiment endures for ever. 
Such durability belongs, in the domain of molecular 
physica, to the experimental researches of M, Pasteur. 

The weightiest eventa of life Bometimes turn upon 
small hinges ; and we now come to the incident which 
caused M. Pasteur to quit a line of research the aban- 
donment of which he still regrets. A German manu- 
facturer of chemicals had noticed that the impure 
commercial taitrate of lime, auUied with organic mat- 
ters of various kinds, fermented when it was dissolved 
in water and exposed to summer heat. Thua prompted, 
Pasteur prep;u'ed some pme right-banded tartrate of 
ammonia, mixed with it albuminous matter, and found 
that the mixtiu-e fermented. His solution, limpid at 
first, became turbid, and the turbidity he found to be 
due to the multiplication of a microscopic organism, 
which found in the liquid its proper aliment, Past«ur 
recognised in this little organism a living ferment. 
This bold conclusion was doubtless strengthened, if 
not prompted, by the previous discovery of the yeast- 
plant — the alcoholic ferment — by Cagniard-Latour and 
Schwann. 

Pasteur next permitted bis little organism to take 
the carbon necessary for its growth from the pure 
paratartrate of ammonia. Owing to the opposition of 
its two classes of crystals, a solution of this salt, it will 
be remembered, does not turn the plane of polarised 
light either to the right or to the left. Soon after 
fermentation had set in, a rotation to the left was 
noticed, proving that the equilibrium previously exist- 
ing between the two classes of crystala bad < 
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The rotation reached a maximum, after which it was 
found that all the right-handed tartrate had disap- 
peared from the liquid. The organism thus proved 
itself competent to select its own food. It found, as 
it were, one of the tartrates more digestible than the 
other, and appropriated it, to the neglect of the other. 
No difference of chemical onstitutiou determined its 
choice ; for the elements, and the proportions of the 
elements, in the two tartrates were identical. But the 
peculiarity of structure which enahled the suhslanoe to 
turn the plane of polarisation to the right, also ren- 
dered it a fit aliment for the organism. This most 
remarkable experiment was successfullj made with the 
seeds of our common mould, Pe7dcUiium glaucuvi. 

Here we find Pasteur unexpectedly lauded amid 
the phenomena of fermentation. With true soientiflo I 
instinct he closed with the conception that ferments I 
are, in all cases, living things, and that the suhstanoea J 
formerly regarded as ferments are, in reality, the food j 
of the ferments. Touched by this wand, difRcultiea I 
fell rapidly before him. He proved the ferment of | 
laclic acid to be an organism of a certain kind. The 
ferment of butyric acid he proved to be an organism of I 
a different kind. Ho was soon led to the fundamental | 
conclusion that the capacity of au organism to act as a 
ferment depended on its power to live without air. 1 
The fermentation of beer was auElcient to suggest this 
idea. The yeai-t-plant, like many others, can live 
either with or without free air. It flourishes best in 
contact with free air, for it is then spared the labour 
of wresting from the malt the oxygen required for its 
sustenance. Supplied with free air, however, it prac- 
tically ceases to be a ferment ; while in the brewing-vat, 
where the work of fermentation is active, the budding 
torula 13 completely cut off by the aides of the ve-ssel 
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and by a deep layer of carbonic acid gas, from all con- 
tact with air. The butjric ferment not only lives 
without air, but Pasteur showed that air is fatal to it. 
He finally divided microscopic organisms into two 
great classes, which he named respectively affro6ie8 and 
cm.ah'obies, the former requiring free oxygen to main- 
tain life, the latter capable of living without free 
oxygen, but able to wrest this element from its com- 
binationa with other elements. This destruction of 
pre-existing compounds and formation of new ones, 
through the increase and multiplication of the orga- 
nism, constitute the process of fermentation. 

Under this head are also riglstly ranked the phe- 
nomena of putrefaction. As M. Radot well expresses 
it, the fermentation of sugar may be described aa the 
putrefaction of sugar. In this paiticular field M. Paa- 
teur, whose contributions to the subject are of the 
highest value, was preceded by Schwann, a man of 
great merit, of whom the world has heard too little,' 
Schwann placed decoctions of meat in flasks, sterilised 
the decoctions by boiling, and then supplied them with 
calcined air, the power of which to support life he 
showed to be unimpaired. Under these circumstances 
putrefaction never set in. Hence the conclusion of 
Schwann, that putrefaction was not due to the contact 
of air, as affirmed by Gay-Lussac, but to something 
suspended in the air which heat was able to destroy. 
This something consists of living organisms, which 
nourish themselves at the expense of the organic 
substance, and cause its putrefaction. 

The grasp of Pasteur on this claaa of subjects 
was embracing. He studied acetic fermentation, and 

' It was late in the daj when tlie Boyal Stxdety nude tdm a 
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round it to be the work of a minute funfrus, tlie My- 
coderma aceti, which, requiring free oiygen for its 
nutrition, overspieada the surface of the fermenting 
liquid. By the alcoholic ferment the su^ar of the 
jjrape-juice is transformed into carbonic acid gas and 
alcohol, tiie former exhaling, the latter remaining in 
the wine. By the Mycoderma aceti the wine is, in its 
turn, conveited into vinegar. Of the experiments made 
in connection with this subject one deserves special 
mention. It is that in which Pasteur suppressed all 
albuminous matters, and carried on the termentation 
with purely cry stii Hi sable subatances. He studied the 
deterioration of vinegar, revealed its cause, and the 
means of preventing it. He defined the part played 
by the little eel-like organisms which sometimes swarm 
in vinegar- casks, and ended by introducing important 
ameliorations and improvements in the manufacture ol 
vinegar. The discussion with Liebig and other minor 
discussions of a similar nature, which M. Gadot has 
somewhat strongly emphasised, I will not here dwell 
upon. 

It was impossible for an inquirer like Pasteur to 
evade the question — Whence come these minute 
organisms which are demonstrably capable of producing 
effects which constitute the bases of industries whereon 
whole populations depend for occupation and suste- 
nance? He thus foimd himself face to face with the 
question of 'spontaneous generation,' to which the 
researches of Pouchet had just given fresh interest. 
Trained as Pasteur was in the experimental sciences, 
he had an immense advantage OTer Pouchet, whose 
ciJture was derived from the sciences of observation. 
One by one the statements and experiments of Pouchet 
were explained or overthrown, and the doctrine of spon- 
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taneouB generation remained discredited mitil it was 
revived with ardour, abilit}-, and, for a time with sufr 
cegB, by Dr. Bastian. 

A remark of M. Radot's on page 103 needs quali- 
fication. 'The great interest of Pasteur's method 
consbtB,' he says, 'in its proving unanswerably that 
the origin of life in infusions which have been heated 
to the boiling point is solely due to the solid particles 
suspended in the air.' This means that living germs 
cannot exist in the liquid when once raised to a tem- 
perature of 212° Fahr. No doubt a great niunberof 
oigBniEins collapse at this temperature *, some, indeed, 
as M. Pa-steur has shown, are destroyed at a, tempera- 
ture of 90° below the boiling point. But this is by no 
means universally the case. The spores of the bay- 
bacillus, for example, have, in numerous instances, suc- 
cessfully resisted the boiling temperature for one, two, 
three, four hours ; while in one instance eif/kt houra^ 
continuous boiling failed to sterilise an infusion of 
desiccated hay. The knowledge of this fact caused me 
a little anxiety some years ago when a meeting was 
projected between M. Pasteur and Dr. Bastian. For 
though, in regard to the main question, I knew that 
the upholder of spoutaueoua generation could not win, 
on the particular issue touching the death temperature 
he would probably have come off victor. 

The manufacture and maladies of wine nest occupied 
Pasteur's attention. He had, in fact, got the key to 
this whole series of problems, and he knew how to use I 
it. Each of the disorders of wine was traced to its ' 
specific organism, which, acting as a ferment, produced I 
substances the reverse of agreeable to the palate. By ' 
the simplest of devices, Pasteur at a stroke abolislied 
the causes of wine disease. Fortunately the foreign 
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organisms which, if unchecked, destroy the best red 
wines, are estrcmelj sensitive to heat. A temperature 
of 50° Cent.{122° Fahr.) suffices to kill them. Bottled 
wines once raised to this temperature, for a single 
minute, are secured from suLseqiifent deterioration. 
The wines suffer in no degree from exposure to this 
temperature. The manner in which Pasteur proved 
this, by invoking the judgment of the wine-tasters of 
Paris, is as amusiug us it is interesting. 



Moved by the entreaty of hia master, the illnstrioua 
Dumas, Pasteiu' took up the investigation of the diseases 
of silkworms at a time when tlie si Ik -husbandry of 
France was in a state of ruin. In doing so he did 
not, as might appear, entirely forsake his former line of 
research. Previous investigators had got so far as to 
discover vibratory CO i-puscles in the blood of the diseased 
worms, and with such corpuscles Pasteur had already 
made himaelf intimately acquainted. He was there- 
fore to some extent at home in this new investigation. 
The calamity was appalling, all the efforts made to stay 
the plague having proved futile. In June 1865 Pasteur 
betook himself to the scene of the epidemic, and at once 
commenced his observations. On the evening of his 
rrival he hiid already discovered the corpuscles, and 
shown them to others. Acquainted as he was with the 
work of living fei-ments, his mind was prepared to see 
in the corpuscles the cause of the epidemic. He fol- 
lowed them through all the phases of the insect's life — 
through the eggs, through the worm, through the 
chrysalis, through the moth. He proved that the germ 
of the malady might be present in the eggs and escape 
detection. In the worm also it might elude micio- 
Bcopic examination. But in the moth it reached a de- 
velopment so distinct as to render its recognition imme- 
13 
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diate. From healthy moths healthy pgga were Bare to 
Bpring; from healthy eggs healthy woims ; from healthy 
worms fine cocoons : so that the problem of the resto- 
ration to Fiance of its silk-husbandry reduced itself to 
the separation of the healthy from the mihealthymolliB, 
the rejection of the latter, and the exclusive employ- 
ment of the egg3 of the former. M. Radot deEcribes 
how this is now done on the largest scale, with the 
most satisfactory results. 

The bearing of this investigation on the parasitic ] 
theory of communicable diseases was thus illustrated: 
Worms were infected hy permitting them to feed for J 
a single meal on leaves over which corpitsculous matter I 
had been spread ; they were infected by inoculation, 
and it was shown how they infected each other by the ' 
wounds and scratches of their own claws. By the asso- 
ciation of healthy with diseased worms, the infection 
was communicated to the former. Infection at a dis- 
tance was also produced by the wafting of the corpus- 
cles through the air. The various modes in which 
communicable diseases are diffused among human popu- i 
latioDB were illustrated by Pasteur's treatment of the J 
silkworms. ' It was no hypothetical infected medium I 
— ^no problematical pythogenic gas — that killed the I 
worms. It was a definite organism.' ' The disease I 
thus far described is that called pehrine, which was the ] 
principal scourge at the time. Another formidable | 
malady was also prevalent, called fiacherie, the cause . 
of which, and the mode of dealing with it, were also 
pointed out by Pasteur. 

Overstrained by years of labour in this field, Pasteur 
was smitten with paralysis in October 1868. But this 
calamity did not prevent him from making a journey 

' These worda were uttered at ft time when the pyt.hogenicj Qieocj 
waa more in faronr than it is now. 
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to Alab in JaDuarj 1869, for the express purpose of 
comtating the criticisniB to which his labours had been 
eubjected. Pasteur is combustible, and contradiction 
readily stirs him into flame. No scientific man now 
living haa fought so many battles as he. To enable 
him to render his eiperiments decisive, the French 
Emperor placed a villa at his diaposaJ near Trieste, 
where silkworm-culture had been carried on for some 
time at a loss. The success here is described as mar- 
vellous, the sale of cocoons giving to the villa a net 
profit of twenty-sis millions of francs.' From the 
Imperial villa M. Pasteur addressed to me a letter, a 
portion of which I have already published. It may 
perhaps prove usefully suggestive to our Indian or 
Colonial authorities if I reproduce it here : — 

' Permettez-moi de terminer ces quelquea ligneaque 
je dois dicfer, vaincu que je euis par la maladie, en 
VOUB faiaant observer que voua rendriez service am 
Colonies de la Grande- Bretagne en repandant la con- 
naiBsance de ce livre, et des principes que j'^tablia 
touchant la maladie des vers & soie, Beaucoup de ces 
colonies pouvraient cultiver le murier avec suoc^, et, 
en jetant les yens sur mon ouvrage, vous vous convain- 
crez aisement qu'il est facile aujourd'hui, non seulement 
d'eloigner la maladie regnante, mais en outre de donner 
aux recoltes de la soie une prosperity qu'ellea n'ont 
jamais cue.' 

The studies on wine prepare ns for the ' studies on 
beer,' which followed the investigation of silkworm 
diseases. The sourness, putridity, and other maladies 
of beer, Pasteur traced to special ' ferments of disease," 
of a totally different form, and therefore easily distin- 
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guishable from the true torula or yeast-plant. Manj 
mysterieB of our breweries were cleared up by tliis in- 
quiry. Without knowing the cause, the brewer not 
Qnfrequently incurred heavy losses through the use of 
bad yeaet. Five minutes' examination with the micro- 
Bcope would have revealed to him the cause of the 
badness, and prevented him from usiug the yeast. He 
would have seen the true (onda overpowered by foreign 
intruders. The microscope is, I believe, now everywhere 
in use. At Biirton-on-Trent its aid was very soon in- 
voked. At the conclusion of his studies on beer M. i 
Pasteur came to London, where I had the pleasure of 
conversing with him. Crippled by paralysis, Lowed 
down by the sufferings of France, and anxious about his 
family at a troubled and an uncej'tain time, be appeared 
low in health and depressed in spirits. His robust 
appearance when he visited London, on the occasion of 
the Edinburgh Anniversary, was in marked and pleasing 
contrast with my memory of his aspect at the time to 
which I have referred. 



While these researches were going on, the Germ 
Theory of infectious disease was noised abroad. The 
researches of Pasteur were frequently referred to as 
bearing upon the subject, though Pasteur himself kept 
clear for a long time of this special field of inquiry. 
He was not a physician, and he did not feel called upon 
to trench upon the physician's domain. And now I 
would bpg of him to correct me if, at this point of the , 
Introduction, I shoidd be betrayed into any statement j 
that is not strictly correct. 

In 1876 the eminent mioroscopist, Professor Cohoj'l 
of Breslau, was in London, and he then handed me-a 
K number of his ' Beitrage,' containing a memoir 1 
by Dr. Koch on Splenic Fever (MUzbrand, Oharbon^ 
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Malignant Pustule), which seemed to me to mark an 
epoch in the history of this formidable disease. With 
admirable patience, skill, and pfnctration Koch fol- 
lowed up the life-histoiy of bacUlun anthracia, the con- 
lagium of this fever. At the time here referred to he 
w^ a young physician holding a small appointment in 
the neighbourhood of Brealau, and it was easy to pre- 
dict, and indeed I predicted at the time, that he would 
Boon find himself in a higher position. When I next 
heard of hira he was head of the Imperial Sanitary 
Institute of Berlin. Koch's recent history is pretty 
well known in England, while his appreciation by the 
German Government is shown by the rewards and 
honours lately conferred upon hira. 

Koch was not the discoverer of the parasite of 
splenic fever. Davaine and Eayer, in 1850, had ob- 
served the little microscopic rods in the blood of 
animals which had died of splenic fever. But they 
were quite vmconscious of the significance of their 
observation, and for thirteen years, as M. Radot informs 
us, strangely let the matter drop. In 1863 Davaine's 
attention was again directed to the subject by the 
reaearchea of Pasteur, and he then pronounced the 
parasite to be the cause of the fever. He was opposed 
by some of hia fellow-countrymen; long diecussiona 
followed, aL(! a second period of thirteen years, ending 
with the publication of Koch's paper, elapsed before 
M. Pasteur took up the question. I always, indeed, 
assumed that from the paper of the learned German 
came the impulse towards a line of inquiry in which 
M. Pasteur has achieved such splendid results. Things 
presenting themselves thus to my mind, M. Badot 
will, I trust, forgive me if I say that it was with very 
great regret that I perused the disparaging references t« 
Dr. Koch which occur in the chapter on splenic fever. 
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After Kocb's inveptigation, no doubt could be e* 
tertained of Ihe paiasitie orijfin of this disease. It 
completely cleared up the perplexity previously existing 
as to the two forms — the one fugitive, the other perma- 
nent — in which the contagium presented itself. I may 
here remark that it was on the conversion of the per- 
manent hardy form into the fugitive and sensitive one, 
in the case of hacillua subtiUs and other organisms, that 
the method of sterilising by 'discontinuous heating' 
introduced by me in February 1877 was founded. The 
difference between an orgauisui and its spores, in point 
of durability, had not escaped the penetration of 
Pasteur. This difference Koch showed to be of para- 
mount importance in splenic fever. He moreover 
proved that while mice and guinea-pigs were infallibly 
killed by the parasite, bii'ds were able to defy it. 

And here we come upon what may be called a hand- 
specimen of the genius of Pasteur, which strikingly 
illustrates its quality. Why should birds enjoy the 
immunity established by the experiments of Koch? 
Here is the answer. The temperature which prohibits 
the multiplication of bacillus a/iUhracis in infusions is 
44" Cent. (111° Fahr.). The temperature of the blood 
of birds is from 41° to 42°. It is therefore close to 
the prohibitory temperature. But then the blood- 
globules of a living fowl are sure to offer a certain 
resistance to any attempt to deprive them of their 
oxygen— a resistance not experienced in an infusion. 
May not this resistance, added to the high tempera- 
ture of the fowl, suffice to place it beyond the power 
of the parasite ? Experiment alone could answer this 
question, and Pasteur made the experiment. By the ap- 
plication of cold water be lowered the temperature of 
a fowl to 37° or 38°. He inociUated the fowl, thus 
chilled, with the splenic fever parasite, and in twenty 
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four hours it was dead. The argumeDt waa clinched 
by inoculating a chilled fowl, permittiog the fever to 
come to a head, and then removing the fowl, wrapped 
in cotton-wool, to a chamber with a temperature of 45°. 
The strength of the patient returned as the career of 
the parasite was brought to an end, and in a few hours 
health was restored. The sharpness of the reasoning 
here is only equalled by the conclugivenesa of the ex- 
periment, which ia full of suggestivenesa as regards the 
treatment of fevers in man. 

Pasteur had little difficulty in eatahlishing the para- 
sitic origin of fowl-cholera ; indeed, the parasite had 
been observed by others before him. But, by bis suc- 
cessive cultivations, he rendered the solution pure. His 
next step will remain for ever memorable in the history 
of medicine. I allude to what he calls ' virus attenua- 
tion.' And here it may be well to throw out a few 
remarks in advance. When a ti^ee, or a bundle of 
wheat or barley straw, is burnt, a certain amount of 
mineral matter remains in the ashes — extremely small 
in comparison with the bulk of the tree or of the straw, 
but absolutely essential to its growth. In a soil lacking, 
or exhausted of, the necessary mineral constituentB, the 
tree cannot live, the crop cannot grow. Now contagia 
are living things, which demand certain elements of life 
just as inexorably as trees, or wheat, or barley ; and it 
is not difficult to see that a crop of a given parasite may 
BO far use up a constituent existing in small quantities 
in the body, but essential to the growth of the parasite, 
us to render the body uoSt for the production of a 
second crop. The soil is exhausted, and, until the lost 
constituent is restored, the body is protected from any 
further attack of the same disorder. Some such expla- 
nation of non- recurrent diseases natuially presents itseli 
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to a thorough believer in the germ theory, and Biich 
was the solution which, in reply to a question, I veii- 
tured to offer nearly fifteen years ago to an emineot 
London physician.' To exhaust a soil, however, a para- 
site leas vigorous and destructive than the really viru- 
lent one may sufBce ; and if, after having by means of 
a feebler organism eshausted the soil without fatal 
result, the moat highly virulent parasite be introduced 
into the system, it will prove powerless.* 

The general problem, of which Jenner'a discovery 
was a particular case, has been grasped by Pasteur, in 
a manner, and with results, which five short years ago 
were simply imimaginable. How much ' accident ' 
bad to do with sliaping the course of bis inquiries I 
know not. A mind like his resembles a photographie 
plate, which is ready to accept and develop luminous 
impressions, sought and unsought. In the chapter on 
fowl-cholera is described how Pasteur first obtained his 
atteniiated virus. By successive cultivations of the 
parasite, be showed that after it had been a hundred 
times reproduced, it continued to be as virulent as at 
first. One necessary condition was, however, to be 
observed. It was essential that the cultures should 
rapidly succeed each other — that the organism, before 
its transference to a fresb cultivating liquid, should not 
be left long in contact with air. When exposed to air 
for a considerable time the virus becomes so enfeebled 
that when fowls are inoculated with it, though they 
sicken for a time, they do not die. But this ' attenuated ' 
virus, which M. Kadot justly calls 'benign,' constitutes 
a sure protection against the virulent virus. It so 
exhaists the soil that the really fatal cont^i^um fails 



' Sir Thomas Watson. 

• Ilccent leBuarolieH suggest other esplaoBtlons. 
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to find there the elemeufcs necessary to ite reproduction 
and m I iltiplj cation. 

PaBteur affirms that it ia the oxygen of the air 
which, by lengthened contact, weakens the virus and 
eonverta it into a true vaccine. He has also weakened 
it by transmission through various animals. It was 
this form of attenuation that waa brought into play in 
the case of Jenner. 

The secret of attenuation had thus become an open 
one to Pasteur. He laid hold of the miiiderous virus 
of splenic fever, and succeeded in rendering it, not 
only harmless to life, but a sure piotection against the 
vims in its most concentrated form. No man, in my 
opinion, can work at these subjects so rapidly as 
Pasteur without falliug into errors of detail. But this 
may occur while his main position remains impreg- 
nable. Such a result, for example, as thiit ol>- 
tained in presence of so many witnesses at Melun 
must remain an ever-mfimorabla conquest of science. 
Having prepared hia attenuated virus, and proved by 
laboratory experiments its efficacy as a protective 
Vaccine, Pasf.eur accepted an invitation from the Presi- 
dent of the Society of Agricidture at Melun to make a 
public experiment on what might be called an agdcul- 
tural scale. This act of Pasteur's is, perhaps, the 
boldest thing recorded in this book. It naturally 
caused anxiety among his colleagues of the Academy, 
who feared that he had been rash in closing with the 
proposal of the President. 

But the expei'iment was made. A flock of sheep 
was divided into two groups, the members of one group 
being all vacciuated with the attenuated virus, while 
those of the other group were left unvaccinated. A 
nimiber of cows were also subjected to a precisely 
similar treatment. Fourteen days afterwards, all the 
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uheep and all the cows, vaccinated and unvaccinated, 
were inoculated with a very virulent virus ; and ihree 
days subsetiuently more than two liundred persona 
assembled to witness the result. The ' shout of admi- 
ration,' mentioned by M. Radot, was a natural outburst 
under the circumstances. Of twenty-five sheep which 
had not been protected by vaccination, twenty-one were 
already dead, and the remaining four were dying. The 
twenty-five vaccinated sheep, on the contrary, were *in 
ftdl health and gaiety.' lo the unvaccinated oowa 
intense fever was produced, while the prostration was 
so great that they were unable to eat. Tumours were 
also formed at the points of inoculation. In the vac- 
cinated cows no tumours were formed; they esliibited 
no fever, nor even an elevation of temperature, while 
their power of feeding was unimpaired. No wonder 
that ' breeders of cattle overwhelmed Pasteur with 
applications for vaccine.' At the end of 1881 close 
upon 34,000 animals had been vaccinated, while the 
number rose in 1883 to nearly 500,000. 

M. Pasteur is now [1884] exactly sixty-two years of 
age; hut his energy is unabated. At the end of this 
volume we are informed that he has already taken up and 
examined with success, as far as his experiments have 
reached, the terrible and mysterious disease of rabies 
or hydrophobia. Those who hold all communicable 
diseases to be of parasitic origin, include, of course, 
rabies among the number of those produced and pro- 
pagated by a living contagium. From his first contact 
with the disease Pasteur showed his accustomed pene- 
tration. If we see a man mad, we at once refer his 
madness to the state of his briiin. It is somewhat 
singular that in the face of this fact the virus of a mad 
dog should be referred to the animal's saliva. Tha 
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saliva is no doubt infected, but Pasteur booh proved 
the real seat and empire of the disorder to be the 
nervous system. 

The parasite of rabies had not been securely isolated 
when M. Radot finished his task. But last May, at 
the instance of M. Pasteur, a commission was ap- 
pointed by the Minlater of Public Instruction in 
France, to examine and report upon the results which 
he had up to that time obtained. A preliminary re- 
port, issued to appease public impatience, reached me 
before I quitted Switzerland this year. It inspires the 
sure and certain hope that, aa regards the attenuation 
of the rabic vims, and the rendering of an animal by 
inoculation proof against attack, the success of M. 
Pasteur is assured. The Commission, though hitherto 
extremely active, ia far from the end of its laboiu^j 
but the results obtained so far may be thus summed 
up:— 

Of six dogs unprotected by vaccination, three suc- 
cumbed to the bites of a dog in a furious state of 
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Of eight unvaccinated dogs, six succumbed to the 
intravenous inoculation of rabio matter. 

Of five unvaccinated dogs, all succumbed to inocu- 
ktion, by trepanning, of the brain. 

Finally, of three-and-twenty vaccinated dogs, not 
one was attacked with the disease subsequent to in- 
oculation with the most potent virus. 

Surely results such aa those recorded in this book 
are calculated, not only to arouse public interest, hut to 
excite public hope and wonder. Never before, during the 
long period of its history, did a day like the present 
dawn upon the science and art of medicine. Indeed, 
previous te the discoveries of rece nt tim es, medicine 
was not a science, but a coUtietloi^ of gmpffte^rules, 
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dependent for tbeir interpretation and application upon 
the sagacity of the physician. How does England etand 
in relation to the great work now going on around 
her? She is, and muBt be, behindhand. Scientific 
chauviniBm is not beautiful in my eyes. Still, one can 
hardly see, without deprecation and protest, the English 
investigator handicapped in so great a race by ehorfc- 
aighted and mischievous legislation, 

A great scientific theory has never been accepted 
without opposition. The theory of gravitation, the 
theory of undulation, the theory of evolution, the 
dynamical theory of heat — all had to push their way 
through conflict to victory. And so it has been with 
the Germ Theory of communicable diseases. Some 
outlying members of the medical profession dispute it 
still. I am told they even dispute the communica- 
bility of cholera. Such must always he the course of 
things, as long as men are endowed with different 
degrees of insight. Where the mind of genius dis- 
cerns the distant truth, which it pursues, the mind 
not so gifted often discerns nothing hut the extra- 
vagance, which it avoids. Names, not yet forgotten, 
could be given to illustrate these two classes of minds. 
As representative of the first class, I would name a. 
man whom I have often named before, who fought, 
in England, the battle of the germ theory with 
persistent valour, but whose labours broke him down 
before he saw the triumph which he /oresaw completed. 
Many of my medical friends will understand that I 
allude here to the late Dr. William Budd, of Bristol. 

The task expected of me is now accomplished, and 
the reader is here presented with a record, in which 
the verities of science are endowed with the interest of 
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THE oldest hiatoric reference to the rainbow is known 
to all : ' I do set my bow in the cloud, and it shall 
be for a token of a covenant between me and the earth. 
. . . And the bow shall be in the cloud ; and I shall 
look upon it, that I may remember the everlasting 
covenant between God and every living creatnre of alt 
■ flesh that is upon the earth.' To the sublime concep- 
tions of the theologian succeeded the desire for exact 
knowledge characteriBtic of the man of science. What- 
ever its ultimate cause might have been, the proximate 
cause of the raintow was physical, and the aim of 
science was to accoimt for the bow on physical principles. 
Progress towards this consummation was very slow. 
Slowly the ancients mastered the principles of reflection. 
Still more slowly were (.he laws of refraction dug from 
the quarries in which Nature had embedded them. I 
use this language, because the laws were incorporate in 
Nat me before they were discovered by man. Until thettme 
of Alhazan, an Arabian mathematician, who lived at the 
beginning of the twelfth century, the views entertained 
regarding refraction were utterly vague and incorrect. 
After Albazaa came Eoger Bacon and Vitellio,* who 

' A Friday evening discourse at tbe Rojal Institntion. 

' Whewell (^Biitiny of tlm Induetivti Sdentti, voL I. p. 3*S) do- 
scribes Vitcllio fts B, Pole. Hia motber was a Pole ; bnt Poge'endoril 
(^HuiidieBrtetbueh d. exaeien Wincaacha/ten,^ claims YiMlllo biui»etl 
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made andrecorJed many observations and measuicments 
on the subject of refraction. To them suceefided Kepler, 
who, takiiig the results tabulated by his predecessors, 
applied his amazing industry to extract from them their 
meaning — that is to say, to discover the physical prin- 
ciples which lay at their root. In this attempt he was 
less successful than in his astronomical labours. In 
1B04 Kepler published his ' Supplement to Vitellio,' in 
which he virtually acknowledged his defeat by enun- 
ciating an approximate rule, instead of an all-satisfying 
natiu'al law. The discovery of such a law, which con- 
stitutes one of the cliief eoroer-fitonea of optical science, 
was made by Willebrord Snell, about 1621,' 

A ray of light may, for our puj'poses, be presented 
to the mind as a luminous straight line. Let such a ray 
be supposed to fallveitically upon aperfectly calm water- 
surface. The incidence, as it is called, is then perpen- 
dicular, and the ray goes through the water without 
deviation to the right or left. In other words, the ray 
in the air and the ray in the water form one continuous 
straight line. But the least deviation from the perpen- 
dicular causes the ray to be broken, or 'refracted,' at 
the point of incidence. What, then, is the law of re- 
fraction discovered by Snell ? Itis this, that no matter 
how the angle of incidence, and with it the angle of re- 
fraction, may vary, the relative magnitude of two lines, 
dependent on these angles, and called their sines, re- 
mains, for the same medium, perfectly unchanged. 
Measure, in other words, for various angles, each of 
these two lines with a scale, and diidde the length of 
the longer one by that of the shorter ; then, however 
the lines individually vaiy in length, the quotient 

u a Gernuin, bom in ThOrtogoa. 'Vitellio' is described aa a 
corropiioa of Witdo, 

■ Bom at Lejden, 1B91; died 1636. 
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yielded by this division remains absolutely the same. 
It ia, in fact, what is called ' the index of refraction ' of 
the medium. 

Science is an organic growth, and accurate 
measurements give coherence to the scientific organism. 
Were it not for the antecedent discovery of the law of 
sines, founded as it was on esact measurements, the 
rainbow could not have been explained. Again and 
again, moreover, the angular distance of the rainbow 
from the sim had been determined and found constant. 
In this divine remembrancer there was no variableness. 
A line drawn from the suu to the rainbow, and another 
drawn from the rainbow to the obi-erver'a eye, always 
enclosed an angle of 41°. Whence this steadfastness 
of position — this inflexible adherence to a particular 
angle ? Newton gave to De Dominie ' the credit of the 
answer ; hut we really owe it to the genius of Descartes. 
He followed with his mind's eye the rays of light im- 
pinging on a raindrop. He saw them in part reflected 
from the outside surface of the drop. He saw them re- 
fracted on entering the drop, reflected from its back, 
and again refracted on their emergence. Descartes 
was acquainted with the law of Snell, and taking up 
his pen he calculated, by means of that law, the whole 
course of the rays. He proved that the vast majority 
of them escaped from the drop as divergent rays, and, 
on this account, soon became so enfeebled as to produce 
no sensible effect upon the eye of an observer. At one 
particular angle, however — namely, the angle 41° afore- 
said — they emerged in a. ■prsctiaailj parallel sheaf. In 
their union was strength, for it was this particular 
' Archbishop of SpaJatro and Frimate of Dalmatja. Fled to 
England aboat 1616; became a Prot.estant. and vina made Dean of 
Windsor. Betamed to Italy, ftnd resamed his Catholicism ; bat wan 
handed over to ths luqaisition, and died In prison (Poggendorll 't 
Biesrajihioal IhetiMiarj/') 
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abeaf which carried the light of the *priraary ' rainboif 
to the eye. 

There is a certain form of emotion called intellectual 
pleasure, which may be excited by poetry, literature, 
Nature, or art. But I doubt whether among the plea- 
sures of the intellect there is any more pure and con- 
centrated than that experienced hy the scientific man 
when a difBciilty which has challenged the human mind 
for ages melts before his eyes, and re-crystalllses as an 
illuBtration of natural law. This pleasure was doubtless 
experienced by Descartes when he succeeded in placing 
upon its true physical basis the most splendid meteor 
of our atmosphere. Descartes showed, moreover, that 
the ' secondary bow ' was produced when the rays of 
light underwent two reflections within the drop, and 
two refractiona at the points of incidence and emer- 
gence. 

It is said that DescHrtea behaved ungenerously to 
Snell — that, though acquainted with the unpublished 
papers of the learned Dutchman, he failed to acknow- 
ledge his indebtedness. On this I will not dwell, for I 
notice on the part of the pubUc a tendency, at all events 
in some caseB, to emphasise such shortcomings. The 
temporary weakness of a great man in often taken as a 
sample of his whole character. The spot upon the sun 
usurps the place of his 'surpassing glory.' This is not 
unfreqiicnt, but it is nevertheless unfair. 

Descartes proved that, according to the principles of 
refrBLtion, a circular band of light must appear in the 
heavens exactly where the rainbow is seen. Rut how 
are the colours of the bow to be accounted for? Here 
his penetrative mind came to the very verge of the 
solution, but the limits of knowledge at the time barred 
his further progress. He connected the colours of the 
rainbow with those produced by a prism ; but then these 
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latter needed expliinatiott just as much ae the colours 
of the bow itself. The solution, indeed, was not possible 
until the composite nature of white light had been 
demonstrated by Newton. Applying the law of Snell 
to the- different coloiu:a of tlie spectrum, Newton proved 
that the primary bow must consist of a Beries of concen- 
tric circular bands, the largest of which is red and the 
emallest violet ; while in the secondary bow these (wloura 
must he reversed. The main secret of the rainbow, if 
I may use such language, was thus revealed. 

I have said that each colour of the rainbow is 
carried to the eye by a sheaf of approximately parallel 
rays. But what determines this parallelism? Here 
our real difficultiesbegin, butthey aretobe surmounted 
by attention. Let us endeavour to follow the course 
of the solar rays before and after they impinge upon a 
spherical drop of water. Take, first of all, the ray that 
passes through the centre of the drop. This particular 
ray strikes the back of the drop as a perpendicular, its 
reflected portion returning along its own course. Take 
another ray close to this central one and parallel to it 
— for the sun's rays when they reach the earth are 
parallel. When this second ray enters the drop it is 
refracted ; on reaching the back of the drop it is there 
reflected, being a second time refracted on its emergence 
&om the drop. Here the incident and the emergent 
rays enclose a small angle with each other. Take, again, 
a third ray a little further from the central one than 
the last. The drop will act upon it as it acted upon 
its neighbour, the incident and emergent rays enclosing 
in this instance a larger angle than before. As we 
retreat farther from the central ray the enlargement of 
this angle continues up to a certain point, where it 
reaches a maximum, after which farther retreat from 
the central ray diminishes the angle. Now, a mazimuni 
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resemljles the riJi;;e of a bill, or a watershed, from I 
which the land falla in a alojie at each side. In the! 
case before us the divergence of the I'ays when they 1 
quit the raiudrop would be represented hj the Gteep-3 
nesa of the slope. On the top of the watershed — thai I 
is to say, in the neighbourhood of our maximum- 
kind of summit-level, where the slope for some distanca.l 
almost disappears. But the disappearance of the slope I 
indicates, in the case of our raindrop, the absence oil 
divergence. Hence we find that at our maximuiu, and I 
close to it, there issues from the drop a sheaf of rays I 
which are nearly, if not quite, parallel to each other , 
These are the so-ealled ' effective rays ' of the rainbow. 

Let me here point to a series of measurements which i 
will illusti'ate the gradual augmentation of the defleo- j 
tion just referred to until it reaches its maximum, and 1 
its gradual diminution at the other side of the maxi- 
mum. The measures correspond to a series of angles 
of incidence which augment by steps of ten degrees. ' 

10" , 



' There is, Id fact, a bundle of lays near tlie msximom, whidh, I 
when they enter the drop, are converged by refraction almost emw 
to the same point at ils back. If the coavergeuce were quwt exact, J 
then the Rfnjnietry of the liquid, sphere would caase the raje to quit 1 
the drop as they entered it — that ia to say, perfectly parallel. Bat -l 
inasmuch as the convergence is not quite exact, the parallelism aflM I 
emergence is only approximate. The emergent rays cut eaoh other | 
at extremely sEiarp angles, thaa forming a ' caustic ' which haa tM 
ita asymptote the ray of maximum deviation. In the Geoondaiy .1 
how we have to de^al with a minimum, instead of a maximum, 
crossing of the incident and emergent rays producing the ohteived I 
riiversal of the colours. (See Ungel and Shellbach's published di»> ' 
grama of the rainbow.) 
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The figures in the column i express the angles of inci- 
dence, while under d we have in each case the accom- 
panying deviation, or the angle enclosed by the incident 
and emergent rays. It will be seen that as the angle i 
increases, the deviation also increases up to 42° 28', after 
which, although the angle of incidence goes on aug- 
menting, the deviation becomes less. The maximum 
42° 28' corresponds to an incidence of 60°, but in reality 
attbispoint we have already passed, by a small quantity, 
theezact maximum, which occurs between 58° and 59°. 
Its amount is 42° 30'. This deviation corresponds to 
the red band of the rainbow. In a precisely similar 
manner the other colours rise to their maximum, and 
fall on passing beyond it ; the maximum for the violet 
band being 40° 30'. The entire width of the primary 
rainbow ia therefore 2°, part of this width being due to 
the angular magnitude of the sun. 

We have thus revealed to ua the geometric con- 
struction of the rainbow. But though the step here 
taken by Descartes and Newton was a great one, it leit 
the theory of the bow incomplete. Within the rain- 
bow proper, in certain conditions of the atmosphere, 
are seen a series of richly-coloured zones, which were 
not explained by either Descartes or Newton. Theyare 
said to have been first described by Mariotte,' and they 
long challenged explanation. At this point our difficul- 
ties tiiicken, but, as before, they are to be overcome by 
attention. It belongs to the very essence of a maxi- 
mum, approached continuously on both sides, that on 
the two sides of it pairs of equal value may be found. 
The maximum density of water, for example, is 39° 
Fahr. Its density, when 5" colder and when 5° warmer 
than this maximum, is the same. So also with 

' Prior of St'. lUart[n-son3-Beauiis, near Dijon; membei of the 
French Academy of SclenceB. Died in Faris, MaylGSl. 
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regard to the slopes of a watershed. A series of pairs 
of points of the lame elevation can be found upon the 
two eidee of ihe ridge ; and, in the case of the rainbow, 
on the two sides of the ii.aximuin deviation we have s 
■accession of pairs of rays haviBg the same deflection. 
Socb rays travel along the same line, and add their 
forces together after they quit the drop. But light, 
tbQS reinforced by the coalescence of non -divergent 
rays, ought to reach the eye. It does so ; and wero 
light what it was once supposed to be — a flight of 
minute particles sent by luminous liodies through space 
— then these pairs of equally-deflected rays would 
difl'use brightness over a large portion of the area within 
the primary bow. But inasmuch as light consists of 
wavee, and not of particles, the principle of interfer- 
ence comes into play, in virtue of which waves alter- 
nately reinforce and destroy each other. Were the 
distance pa=sed over by the two corresponding rays 
within the drop the fame, they would emerge as they 
entered. But in no case axe the distances the same. 
The contiequence is that when the rays emerge from 
the drop they are in a condition either to support or 
to destroy each other. By such alternate reinforce- 
ment and destruction, which occur at different places 
for different colours, the coloured zones are produced 
within the priuiary bow. They are called 'super- 
numerary bows,' and are seen, not only within the 
primary, but sometimes also outside the secondary how. 
The condition requisite for their production is, that 
the drops which constitute the shower shall all be of 
nearly the fame size. \\'hen the drops are of different 
sizes, we have a confused superposition of the different 
colours, an approximation to white light being the con- 
aequence. This second step in the explanation of the 
rainbow was taken by a man the quality of whose 



I 



I 



AND ITS CONGENERS. 207 

genius resembled that of Deseartea or Newton, and 
who eighty-two years a^o was appointed Professor of 
Natural Philosophy in the Kojal Institution of Great 
Britain. I refer, of course, to the illustrious Thomas 
Yimng.' 

But our task is not, even now, complete. The 
nnishing touch to the eiplauation of the rainbow 
was given by our eminent Astronomer Royal, Sir 
George Airy. Biinging the knowledge possessed by 
the fbnndera of the undulatory theory, and that gained 
by subsequent workers, to bear upon the question. Sir 
George Airy showed that, though Young's general 
principles were unassailable, bis calcoilations were some- 
times wide of the maik. It was proved by Airy that 
the curve of maximum illumination in the rainbow 
does not quite coincide with the geometric curve of 
Descartes and Newton. He also extended our know- 
ledge of the supernumerary bows, and corrected the 
positions which Young had assigned to them. Finally, 
Professor Miller, of Cambridge, and Dr. Galle, of 
Berlin, illustrated by carefiJ measurements with the 
theodolite the agreement which exists between the 
theory of Airy and the facta of observation. Thus, 
from Descartes to Airy, the intellectual force expended 
in the elucidation of the rainbow, though broken up 
into diatinct personalities, might be regarded as that of 
an individual artist, engaged throughout thia time in 
lovingly contemplating, revising, and perfecting his 
work, 

We have thus cleared the ground for the series of 
experiments which constitute the subject of this dis- 
course. During our brief residence in the Alps this 
year, we were favom'ed with some weather of matchlesi 
■ Toimg'H Warii, edited b; Feacook, toL L pp. 186, 293, 3GT. 
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pert'ection; but we had also our share of foggy and 
drizzly weather. On the nightof the 22Dd of Septem- 
ber the atmosphere was especially dark and thick. At 
9 P.M. I opened a door at the end of a passage and 
looked out into the gloom. Behind mehung a smalllamp, 
by which the shadow of my body was cast upon the fog. 
Such a sliadow I had often seen, but in the present 
case it was accompanied by an appearance which I had 
not previously notited. Swept through the darkness 
round the shadow, and far beyond, not only its boun- 
dary, but also beyond that of the illuminated fog, was a 
pale, white, luminous circle, complete except at the 
point where it was cut through by the shadow. As I 
walked out into the fog, this curious halo went in 
advance of me. Had not my demerita been so well 
known to me, I might have accepted tlie phenomenon 
as an evidence of canonisation, Benvenuto Cellini saw 
something of the kind suiTounding his shadow, and 
ascribed it forthwith to supernatural favour. I varied 
the position and intensity of the lamp, and found even 
a candle BuEBcieot to render the luminous band visible. 
With two crossed lathu I roughly measured the angle 
subtended by the radius of the circle, and foimd it to 
be practically the angle which bad riveted the attention 
of Desearteri — namely, 41". 'Ibis and other facts led 
me to suspect that the halo was a circular rainbow. A 
week subsequently, the air being in a similar misty 
condition, tlie luminous circle was well seen from 
another door, the lamp which produced it standing on 
a table behind me. 

It is not, however, necessary to go to the Alps to 
witness this singular phenomenon. Amid the heather 
of Hind Head I have bad erected a hut, to which I 
escape when my brain needs rest or my musclea lack 
vigour. The but has two doors, one opening to the 
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north and the other to the south, and in it we have 
been able to occupy ourselves pleiisantly and profitably 
doling the recent miaty weather. Eemoving the shade 
from a small petroleum lamp, and placing the lamp 
behind me, a.s I stood in either doorway, the luminoua 
circles surrounding my shadow on different niLrhts were 
very remarkable. Sometimes they were best to the 
north, and sometimes the reverse, the difference de- 
pending for the most part on the direction of the wind. 
On Christmas night the atmosphere was particularly 
favourable. It was filled with true fog, through which, 
however, descended palpably an extremely fine rain. 
Both to the north and to the south of the hut the 
luminous circles were on this occasion specially bright 
and well defined. They were, as I have eaid, swept 
through the fog far beyond its illuminated area, and it 
was the darkness against which they were projected 
which enabled them to shed so much apparent light. 
The ' effective rays,' therefore, which entered the eye 
in this observation gave direction, but not distance, so 
that the circles appeared to come from a portion of the 
atmosphere which had nothing to do with their pro- 
duction. When the lamp was taken out into the fog, 
the illumination of the medium almost obliterated the 
halo. Once educated, the eye could trace it, but it 
was toned down almost to vanishing. There is some 
advantage, therefore, in possessing a hut, on a moor or 
on a mountain, having doors which limit the area of 
fog illuminated. 

I have now to refer to another phenomenon ■which 
IB bnt rarely seen, and which I had an opportunity of 
witnessing on Christmas Day. The mist and drizzle in 
the early morning had been very dense; a walk before 
breakfiist caused the nap of my somewhat fluffy pilot- 
diesa to be covered with minute water-globules, which. 
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agaJDBt the dark background imdemeatb, suggested 
th^ blwim of a plum. As the day advanced, the south- 
r:9«teru heaven became more luminous ; and the pale 
duk of the Hun was at length seen Btm^ling through 
driftiog clijuds. At ten o'clock the sun had become 
fiilrly victoriouB, the heather was adorned by pendent 
drops, while certain hranchiDg grasses, laden with liquid 
penrlfi, preBeoted, in the eunligbt, an appearance of 
exqiiinte beauty. Walking across the common to the 
Purlftinouth road my wife and I, on reaching it, turned 
our faces mnwards. The eraoke-Iike fog had vanished, 
hut its diHFippearance was accompanied, or perhaps 
cauwd, by the coalescence of its minuter particles into 
little globules, visible where they caught the light at a 
prop<T angle, but not otherwise. They followed every 
eddy of the air, upwards, downwards, and from side to 
nidi!. Their extreme mobility was well calculated to 
BiiggeHt a notion prevalent on the Cnntinert, that the 
particles of a fog, instead of being full droplets, are 
n.'iilly little liladders or vesicles. Clouds are supposed 
to owe their power of flotation to this canse. This 
veNiciiIar l.lieory never struck root in England ; nor has 
it, I apprGliend, any foundation in fact. 

As I stood in the midst of these eddying specks, eo 
vlnlblL' to the eye, yet so smiill and light as to be per- 
fectly imiinlpable to the skin both of hands and face, I 
rcniurl<(sd, ' These particles must surely yield a bow of 
some kind.' Turning my back to the sun, I stooped 
d"wn so as to keep well witliiu the layer of particlea, 
which I supposed to be a shallow one, and, looking 
towiirds the ' Devil's Punch Bowl,' saw the anticipated 
phenomenon, A bow without colour spanned the Punch ■ 
Bowl, Though white and pale it was well defined, 
and exhibited an aspect of weird grandeur. Once of 
twice 1 fancied a faint ruddiness could be discerned on 
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its outer boundary. The stooping waa not necessary, 
and as we walked along the new Portsmouth road, with 
the Punch Bowl to our left, the white arch marched 
along with ua. At a certain point we ascended to the 
old Portsmouth road, whence, with a flat space of verj 
dark heather in the foregi'ound, we watched the bow. 
The Hun had then become strong, and the sky above us 
blue, nothing which could in any proper sense be called 
rain existing at the time in the atmosphere. Suddenly 
my compunion exclaimed, ' I see the whole circle 
meeting at my feet I ' At the same moment the circle 
became visible to me also. It was the darknesB of our 
immediate foreground that enabled us to see the lower 
half of the pale luminous band projected against it. 
We walked round Hind Head Common with the bow 
almost always in view. Its crown sometimes disap- 
peared, showing that the minute globules which pro- 
duced it did not extend to any great height in the 
atmosphere. In such cases two shining buttresses 
were left behind, which, bad not the bow been pre- 
viously seen, would have lacked all significance. In 
some of the combes, or valleys, where the floating par- 
ticles had collected in greater numbers, the end of the 
bow plunging into the combe emitted a light of more 
than the usual biigntness. During our walk the bow 
was broken and re-formed several times ; and, had it 
not been for our previous experience both in the Alps 
and at Hind Head, it might well have escaped atten- 
tion. What this colourless white bow lost in intensity, 
as compared with the ordinary coloured bow, was more 
than atoned for hj its weirdness and its novelty to 
both observers. 

The white rainbow (Varo-en-cid blava) was first 
described by the Spaniard Don Antonio de Ulloa, Lieu- 
tenant of the Company of Gentlemen &uarda of the 
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Marine. By order of the King of Spain, Don Jorge 
Juan and Ultoa made an expedition to South America, 
an account of whicli ia given in two amply-illustrated 
quarto volXimes to be found in the library of the Royal 
Institution. The bow was observed from the Bummit 
of the mountain Parabamarca, in Peru. The angle 
subtended by its radius was 33" SO*, which is con- 
siderably less than the angle aubtended by the radius 
of the ordinary bow. Between the phenomenon ob- 
served by ua on Christmas Day, and that described by 
UUoa, there are some points of difference. In his case 
fog of sufEcient density existed to enable the shadowB 
of him and bis six companions to be seen, each how- 
ever only by the person whose body cast the shadow. 
Around the head of each were observed those zones of 
cMjlour which characterise the ' spectre of the Brocken.' 
In our case no shadows were to be seen, for there was 
no fog-screen on which they could be cast. This im- 
plies also the absence of the zones of colour observed 
by Ulloa. 

The white rainbow has been explained in various 
ways. A learned Frenchman, M. Bravais, who has 
written much on the optical phenomena of the atmo- 
sphere, and who can claim the additional recommenda- 
tion of being a distinguished mountaineer, has sought 
to connect the bow with the vesicular theory to which 
I have just referred. This theory, however, la more 
than doubtful, and it is not necessary.' The geniuB of 
Thomas Young throws light upon this subject, as upon 
BO many others. He showed that the whiteness of the 
bow was a direct consequence of the smallness of the 
drops which produce it. In fact, the wafted water- 

' The yesioular theor? was combated very ably in France by the 
Abbfi EaiUard, wlio has also given an inierestiHg analyeis ol the 
tainbow at the end of Me tntnsktion of my A'eUi on Light. 
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Bpecks seen by us upon Hind Head ' were the very 
kind needed for the production of the plienomenon. 
But the observations of Ulloa place his white bow diH- 
tinctly within the arc that would be occupied by the 
ordinary rainbow — that is to say, in the region of super- 
numeraries — and by the action of the supernumeraries 
upon each other Ulloa's bow was accounted for by 
Thomas Young. The smaller the drops, the broader 
are the zones of the supernumerary bows, and Yoimg 
proved by calculation that when the drops have a 
diameter of g-oVrr'''^ *"" TcVtr^^ ^f ^^ inch, the bands 
overlap each other, and produce white light by their 
mixture. Unlike the geometric bow, the radius of the 
white bow varies within certain limits, which M. Bra- 
vais shows to be 33° 30' and 41° 4ti' respectively. In 
the latter case the white bow is the ordinary bow 
deprived of its colour by the superposition due to the 
smallness of the drops. In all the other cases it ia 
produced by the action of the supernumeraries. 

The physical investigator desires nGt only to ob- 
serve natural phenomena but to re-create them — -to 
bring them, that is, under the dominion of experiment. 
From observation we learn what Nature is willing to 
reveal. In experimenting we plaiic her in the witness- 
box, cross-examine her, and extract from her knowledge 
in excess of that which would, or could, be sponta- 
neously given. Accordingly, on my return from Swit- 
zerland last October, I sought to reproduce in the 
laboratory the effects observed among the mountains. 
My first object, therefore, vpas to obtain artificially a 
mixture of fog and drizzle like that observed from the 

' Had our refuf^e In the Alps been bnilC on the southern aide at 
tbe vallej of tlie Rhone, so a^ to enable ns to look with the sua 
behind qb into the vaUey and across it, we sliould, I tbink, have fre. 
qnentl; Been the white bow. 
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door of QUI Alpine cjottage. A strong cylindrical cop- 
per boiler, sixteen incliea high and twelve inches in 
diameter, was nearly filled with water and heated by gas- 
fiames until steam of twenty pounds pressure was pro- 
duced. A valve at the top of the boiler was then 
opened, when the Bteam issued violently into the 
atmosphere, carrying droplets of water mechanically 
along with it, and condensing above to droplets of a 
similar kind. A fair imitation of the Alpine atmo- 
sphere Tvaa thus produced. After a few tentative ex- 
periments, the luminous circle was brought into view, 
and having once got hold of it, the next step was to 
enhance its intensity. Oil-lamps, the lime-light, and 
the naked electric light were tried in succej-sion, the 
source of rays being placed in one room, the boiler in 
another, while the observer stood, with his back to the 
light, between them. It is not, however, necessary to 
dwell upon tliese first experiments, surpassed as they 
were by the arrangements subsequently adopted. My 
mode of proceeding was this. The electric light being 
placed in a camera with a condensing-Iena in front, 
the position of the lens was so fixed as to produce a 
beam sufiBciently broad to clasp the whole of my head, 
and leave an aureole of light around it. It being de- 
drable to lessen as much as possible the foreign light 
entering the eye, the beam was received upon a distant 
black surface, and it was easy to move the head until 
its shadow occupied the centre of the illuminated area. 
To secure the best effect it was found necessary to 
stand close to the boiler, so as to be immersed in the 
fog and drizzle. The fog, however, was soon discovered 
to be a mere nuisance. Instead of enhancing, it blurred 
the effect, and I therefore sought to abolish it. Allow- 
ing the steam to issue for a few seconds from the 
boiler, on closing the valve, the cloud rapidly melted 



I 

I 



AND ITS CONOENERa. 215 

away, leaving behind it a host of minute liquiJ 
Bjjherules floating in the beam. An intensielj-coloured 
circular rainbow was instantly seen in the air in front 
of the observer. The primary bow was duly attended 
hy its secondary, with the colours, as usual, reversed. 
The opening of the valve for a single second caused 
the bows to flash forth. Thus, twenty times in succes- 
sion, putFs could be allowed to issue from the boiler, 
every pulf being followed by the appearance of this 
splendid meteor. The bows produced by single puffs 
are evanescent, because the little globules rapidly dis- 
appear. Greater permanence is secured when the valve 
is left open for an interval sufficient to discharge a 
copious amount of drizzle into the air.' 

Many other appliances for producing a fine rain 
have been tried, but a reference to two of them will 
suffice. The rose of a watering-pot naturally suggests 
a means of producing a shower ; and on the principle 
of the rose I had some spray-prod ucera constructed. 
In each case the outer surface was convex, the thin 
convex metal plato being pierced by orifices too small 
to be seen by the naked eye. Small as they are, filleta 
of very sensible magnitude issue from the orifices, 
but at some distance below the orifices the fillets shake 
themselves asunder and form a fine rain. The small 

' It ia perbaps worth noting here, tli at when the oamera and lena 
are used, the beam which senda its ' eHeotive rays ' to the eje may 
not be more than a. fort in width, while the circular bow engendered 
by these cays may be, to all appearanue, fitteen or twenty feet in 
diameter. In snoh a beam, indeed, the drops which produce the bow 
must be very rear the eye, for raya from the more distant drops 
woDld not attaio the required angle. The apparent distance of Ule 
circular bnw is often great in comparison with that of the originat- 
ing drops. Both distance and diameter may be made to undergo 
■variations. In the rainbow we do not see a localised object, bat 
teceive a luminous impression, which is often transferred ti 
lion of tlie jicld of view far removed from the t>ow'B origin. 
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orifices are very iiaUe to get clogged by the particles 
BUBpended iu London water. In esperimenta with the 
rose, filtered water was therefore resorted to. A large 
vessel was mounted on the roof of the Eoyul Institu- 
tion, from the bottom of which descended vertically 
a piece of eompo-tuhlng, an inch in diameter and 
ahout twenty feet long. By means of proper screw- 
fittings, a single rose, or when it is desired to 
increase the magnitude or density of the shower, a 
group of two, three, or four roses, was attached to 
the end of the compo-tiibe. From these, on the turn- 
ing on of a cock, the rain fell. The circular bows 
produced by such rain are far richer in colour than 
those produced by the smaller gli.ibulea of the con- 
densed eteam. To see the effect in all its beauty and 
completeness, it is necessary to stand well within the 
shower, not outside of it. A waterproof coat and cap 
are therefore needed, to which a pair of goloshes may 
be added with advantage. A person standing outaide 
the beam may see bits of both primary and secondary 
bows in the places fixed by their respective angles ; but 
tbe colours are washy and unimpressive. Within the 
shower, with the shadow of the head occupying its 
proper position on the screen, the brilliancy of the 
effect is extraordinary. The primary clothes itself in 
the richest tints, while the secondary, though less 
vivid, shows its colours in surprising strength and 
purity. 

But the primary bow is accompanied by appearances 
calculated to attract and rivet attention almost mors 
than the bow itself. I have already mentioned the 
existence of effective rays over aud above those which 
go to form the geometric bow. They fall within the 
primary, aud, to use the words of Thomas Young, j 
' would exhibit a continued diffusion of fainter light» j 
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but for the general law of interference whicb divides 
the light into concentric rings.' One could almost 
wish for the opportunity of showing Young how lite- 
rally his words are fulfilled, and how beautifully his 
theory is illustrated, by these artificial circular rain- 
bows. For here the space within the primaries is 
swept by concentric supernumerary bands, coloured 
like the rainbow, and growing gradually narrower as 
they retreat from the primary. These spurious bows, 
as they are sometimes called,' which constitute one of 
the most striking illustrations of the principle of in- 
terference, are separated from each other by zones of 
dai'knesH, where the lig!it-waves on being added to- 
gether destroy each other. I have counted as many 
as eight of these beautifid bands, concentric with the 
true primary. The supernumeraries are formed next 
to the most refrangible colour of the bow, and there- 
fore occur within the primary circle. But in the 
secondary bow, the violet, or most refrangible colour, 
is on the outside; and, following the violet of the 
secondary, I have sometimes counted as many as five 
spurious bows. Some notion may be formed of the 
intensity of the primary, when the secondary is able to 
produce effects of this description, 

An extremely handy spray-producer is that em- 
ployed to moisten the air in the Houses of Parliament. 
A fillet of water, issuing under strong pressure from a 
Bmall orifice, impinges on a little disk placed at a 
distance of about one-twentieth of an inch from the 
orifice. On striking the disk, the water spreads later- 
ally, and breaks up into an exceedingly fine spray. Here 
also I have used the spray-producer both singly and 
in groups, the latter arrangement being resorted to 
when showers of special breadth and density were re- 
' A term, I confess, not to my liking. 
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quired. In regard to primaries, secondaries, and siiper- 
niimeraries, extremely brilliant effects have LeeB 
obtained with this form of spray -producer. The 
quantity of water called upon lieing much less than 
that I'equired by the rose, the fiUet-and-disk instru- 
ment produces less flooding of the locality where tlie 
experiments are made. In this latter respect, the 
steam-boiler spray is particularly handy. A puff of two 
Becondd' duration suf&ces to bring out the bows, the 
Bubsequeut shower being so light as to render the use 
of waterproof clothing unncccjisary. In other cases, 
the inconvenience of flooding may be avoided to a 
great extent by turning on the spray for a short time 
only, and then cutting off the supply of water. The 
vision of the bow being, however, proportionate to the 
duration of the shower, will, when the shower is brief, 
be evanescent. Hence, when quiet and continued 
contemplation of all the phenomena ia desired, the 
observer must make up bis mind to brave the raiu.' 

In one important particular the spray-producer last 
described commends itself to our attention. With it 
we can operate on substances more costly than water, 
and obtain rainbows from liquids of the most various 
refractive indices. To extend the field of experiment 
in this direction, the following arrangement haa been 
devised: A strong cylindrical iron bottle, wholly or 
partly filled with the liquid to be experimented on, is 
tightly closed by a brass cap. Through the cap passes 
K metal tube, soldered air-tight where it crosses the 
cap, and ending near the bottom of the iron bottle. To 
the free end of this tube is attached the spray-pro- 
ducer. A second tube passes also thi'ough the cap, but 
ends above the Burface of the liquid. This second tube, 

■ Tbs ia;B which form the artifioial bow emerge, as might b« 
expected, pohinsed from the drops. 
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which is long and flexible, is connected with a larger 
iron bottle, containiDg compressed air. Hoisting tlie 
Bmall bottle to a convenient height, the tap of the 
larger bottle is carefully opened, the air passes through 
the flexible tube to the smaller bottle, eserta its pres- 
6ure upon the surface of the liquid therein contained, 
drives it up the other tube, and causes it to impinge 
with any required degree of force against the disk of 
the spray-producer. From tbia it falls in a fine rain. 
A great many liquids, including coloured ones,' have 
been tested by this arrangement, and very remarkaUe 
results have been obtained. I will confine myself here 
to a reference to two liquids, which commend them- 
selves on account of their cheapness and of the bril- 
liancy of their effects. Spirit of turpentine, forced 
from the iron bottle and caused to fall in a fine shower, 
produces a circular bow of extraordinary intensity and 
depth of colour. With paraffin oil or petroleum an 
equally brilliant effect is obtained. 

Spectrum analysis, as generally understood, occu- 
pies itself with atomic or molecular action, but physi- 
cal spectrum analysis may obvio'isly be brought to 
bear upon our falling showers. A composite shower 
— that is to say, one produced by the mingled spray 
of two or more liquids — could, it seems plain, be 
analysed and made to declare its constituents by the 
production of the circular rainbows proper to the re- 
spective liquids. This was found to be the case. In 
the ordinary rainbow the narrowest colour-band is pro- 
duced by its most refi*angible light. In general terms, 
the greater the refraction, the smaller is the bow. 
Now, as spirit of turpentine and paraffin are both 
more refractive than water, it might be concluded that 

' Rnne-anilms, dissolved in alcohol, produces a splendid bow 
wiLb Bpeciully broad aupemnmeraiieg. 
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in a mixed shower of water and parafSo, ot water and 
turpentine, the smaller and more luminous circle of 
the latter would be seen within the larger circle of 
the former. The result was exactly in accordance 
with this anticipation. Beginning with water and 
producing its two bowa, then allowing the turpentine 
to shower down and mingle with the water — within 
the large and beautifully-coloured water-wheel the 
more richly-coloured circle of the turpentine makes its 
appearance. Or beginning with turpentine and form- 
ing its concentrated iris; on turning on the water- 
spray, though to the eye the shower seems absolutely 
homogeneous, its true character is instantly declared by 
the flashing out of the larger concentric aqueous bow. 
The water primary is accompanied by its secondary 
close at hand. Associated, moreover, with all the bows, 
primary and secondary, are the supernumeraries which 
belong to them ; and a more superb experimental illus- 
tration of optical principles it would be hardly possible 
to witness. It is not the less impressive because ex- 
tracted from the simple combination of a beam of light 
and a shower of rain. 

In the 'Philosophical Transactions' for 1835 the 
late Colonel Sykes gave a vivid description of a circnlar 
solar rainbow, observed by him in India during periods 
when fogs and mists were prevalent in the chasms of 
the Ghats of the Deccan. 

'It was during such periods that I had several 
opportunities of witnessing th^it singular phenomenon, 
the circular rainbow, which, from its rareness, is spoken ^ 
of as a possible occurrence only. The stratum of fog I 
from the Konkun on some occasions rose somewhat \ 
above the level of the top of a precipice forming tl 
north-west scarp of the hill-fort of Hiirreechundurghui 
from 2,000 to 3,000 feet perpendicular, without c 
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over upon the table-land. I was placed at the edge of 
the precipice, juat without the liuiiis of the fog, and 
with a cIoiidlesB Bun at my back at a very low eleva- 
tion. Under such a combination of favourable circum- 
stances the ciicular rainbow appeared quite perfect, 
of the most vivid colours, one-half above the level on 
which I stood, the other half below it. Shadows in 
distinct outline of myself, my horse, and people ap- 
peared in the centre of the circle as a picture, to which 
the bow formed a resplendent framo. My atteudanta 
were incredulous that tbe figures they saw under auch ex- 
traordinary circumstances could be their owu sbadowa, 
and they tossed their arms and legs about, and put 
their bodies into various postures, to be assured of the 
fact by the corresponding movements of the objects 
within the circle ; and it was some little time ere the 
superstitious feeling with which the spectacle was 
viewed wore oH'. From our proximity to the fog, I 
believe the diameter of the circle at no time esceedeit 
fifty or sisty feet. The brilliant circle was accompanied 
by the usual outer bow in fainter colours.' 

Mr. E. Colboume Baber, an accomplished and in- 
trepid traveller, has recently enriched the 'Transac- 
tions ' of the Royiil Geographical Society by a paper of 
rare merit, in which liis travels in Western China are 
described. He made there the ascent of Mount — 
an eminence of great celebrity. Its height ia about 
11,000 feet above the sea, and it is flanked on one side 
by a cliff 'a good deal more than a mile in height.' 
From the edge of this cliff, which is guarded by posts 
and chains, you look into an aliyss, and if fortune, or 
rather the mists, favour you, you see there a miracle, 
which is thus described by Mr. Baber; — ^^ 

I' Naturally enough it is with some trepidation that ^^| 
pilgrims approach this fearsome brink, but they are ^^H 
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drawn to it by the bope of behnlding tbe mysterioiiB 

apparition known as tlie "Fo-Kuaujj," or "Glory of 
Buddba," whicb floats in mid-air half-way down. So 
many eye-witneBses had told me of this wonder that I 
could not doubt j but I gazed long and steadfastly into 
the gulf without Buccesa, and came away disappointed, 
but not incredulous. It was dt'scribed to me as a circle 
of brilliant and mauy-ooloured radiance, broken on the 
outiiido with quick 6ashe9, and surrounding a central 
disc as bright as the sun, but more beautiful. Devout 
Buddhists asssrt that it is an emanation from the 
aureole of Buddba, and a visible sign of the holiness of 
Mount 0. 

' Impossible as it may be deemed, tbe phenomenon 
does really exist. I suppose no better evidence could 
be desired for the attestation of a Buildbist miracle 
than that of a Baptist niisstonai'y, unless indeed it be, 
as in this case, that of two Baptist missiooaries. Two 
gentlemen of that persuasion have ascended the moun- 
tain since my visit, and have seen the Glory of Buddha 
several times. They relate that it resembles a golden 
sun-like disc, enclosed in a ring of prismatic colours 
more closely blended than in the rainbow. . . . Tiie 
misaionurieK inform me that it was about three o'clock 
in tbe afternoon, near the middle of August, when they 
saw tbe meteor, and that it was only vitible when the 
precipice was more or less clothed in mist. It appeared 
to lie on the surface of the mist, and was always in the 
direction of a line drawn from the sun through their 
heads, as is certified by the fact that the shadow of 
their heads was seen on the meteor. They coidd get 
their heads out of the way, so to speak, by stooping 
down, but are not sure if they could do so by stepping 
aside. Eaoh spectator, however, coidd see the shadows 
of the bystanders as well as his own projected on to the 
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appearance. They did not observe any raya spreading 
irom it. Tiie central disc they think is u refleefcert 
image of the aim, and the enclosing ring ia a rainbow. 
The ring was in thickness about one-fourth of the dia- 
meter of the disc, and distant from it by about the 
s ime extent ; bat the recollection of one informant was 
that the ring touched the disc, without any intervening 
ppace. The shadow of a head, when thrown upon it, 
covered about one-eighlh of the whole dianaeter of the 
meteor. The rainbow ring was not quite complete in 
its lower part, but they attribute this to the interposi- 
tion of the edge of the precipice. Tliey see no reason 
why the appearance should not be visible at night when 
the moon is brilliant and appositely placed. They 
profess themselves to have been a good deal surprised, 
but not startled, by the spectacle. They woidd con- 
sider it remaikable rather than astonishing, and are 
disposed to call it a very impressive phenomenon.' 

It is to be regretted that Mr. Baber failed to see 
the ' Glory,' and that we in consequence miss his own 
description of it. There seems a slight inadvertence 
in the statement that the head could be got out of the 
way by stooping. The shadow of the head must have 
always occupied the centre of the ' Glory." 

Thus, starting from the first faint circle seen in the 
thick darknesa at Alp Lusgen, we have steadily followed 
and developed our phenomenon, and ended by rendering 
the * Glory of Buddha ' a captive of the laboratory. The 
result might be taken as typical of larger things. 

[On Sept. 25, 1890, ray friend M. Sarasin and my- 
self witnessed at Alp Lusgen a very perfect example 
of the white bow. See page 329.J 
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ADDItESS DELIVERED AT THE BIRKBECK 
INSTITUTION ON OCTOBER 22, 1884, 

OUR Uvea are interwoven here below, frequently— 
indeed most frequently^witliout our knowing it. 
We are in great part moulded by unconscious inter- 
nction. Thus, without intending it, the present repre- 
sentative of the Birkbeck fiimily in Yorkshire has helped 
to shape my lite. In 185G, or thereabouts, Mr. John 
Birkl>eck aided in founding on the slope of a Swisa 
mountain the -Eggischhora Hotel. The success of this 
experiment provoked in the neighbouring commune a 
spirit of rivalry and imitation, and accordingly, upon a 
bold bluff overlooking the great Aletsch glacier, was 
subsequently plunteil the Bel Alp Hotel. To the Bd 
Alp I went in my wanderings. Seeing it often I liked 
it wvll, until at length the thought dawned upon me of 
building a permaneut nest then'. Before doing so, how- 
ever, I iniitAt«>d the biids — cliose, and was chosen by, 
• mate who, like myself, lo\-ed the freedom of tjie 
mountain^ and we built our nest together. 

FfMii that nest I liav-e eome straight to the Birkbect 
Inotitution, so that the following chain of connection 
Etretohos bclworn )lr. John Birklierk and me. Wiih- 
Mit him lhen!> would hare been no .Kj^isolihora ; with- 
out the .fy;p$>.''ti)iom thcrv would bat-e been do Bel 
Alp; wittiout BeI.Uptht-i«wouldbaveKi'nnoT>-Ddair3 
not, and without that nc«t lfa« ^vriiOin wbo dov 
■dilreesM you wouki uudoubte>iIy be a diiTr-rent man 
froBft what ke i*. H;s bone would haw been <K6er«t 
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bone J hiB flesh diEfercnt flesh ; nay, the verj grey matter 
of hia brain, which is said to be concerned in the pro- 
duction of thought, would have been ditferent from what 
it now is. The inference is obvioua that, should thia 
lecture prove a failure and a bore, or should any bitch 
occur to cause me to break down in the middle of it, 
you are bound in common fairness to lay upon the 
sbouldera of Mr. John Birkbeck, who has tampered 
80 seriously with my bodily and mental constituents, a 
good round share of the blame. 

Thus I seek to shirk responsibility in regard to this 
lecture ; and I daresay you would forgive me if I went a 
little further in this somewhat ignoble line. It is the 
fashion of the hour. Some of England's most con- 
spicuous sons at the present day would Feem to trace 
their moral pedigree to that mean old gardener who 
threw upon his wife the whole blame of eating the for- 
bidden fruit. In reference to the present occasion, I 
wrote to Mr. Norris from the Alps, asking him to choose 
between a puiely scientific lecture and an address based 
on the esperiencea of my own life. He chose the latter. 
I do not, however, ask you to blame Mr. Norris, but to 
blame me if a chapter from the personal history of a 
worker, instead of proving a stimulus and an aid, should 
seem to you flat, stale, and unprofitable. 

Every operation of husbandry, every stroke of states- 
manship, every movement of philanthropy, to be effec- 
tual and successful, must be executed at the proper 
time. If we sow in the autumn what ought to be sown 
in the spring, or if wa sow in the spring what ought to 
be sown in the autumn, we can only reap disappoint- 
ment. Every public movement is tested by the ques- 
tion, ' Does it Kve ? ' and this may ba translated into the 
question, ' Does it grow ? ' For gi-owth and multiplication 
constitute the evidence of life. Brought to this test 
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the movement inaugurated by Dr. George Birkbeclc 
rtiturneda full and conclusive answer. It resiponded, at 
the proper time, to a national need and to a need of 
liiiiDaD iiittiiie. Not only in the various districts of 
London, Irnt also in varioua towns throughout the 
ooiintry, and even beyond the bounHs of England, in- 
stitutions sjirnng up, founded on the model of the 
Tioodon Menhunics' Institution, which afterwards be- 
aim« the famous Bir!(beck Institution, the anniversary 
of which we celebnite to-day. 

Spenking of the opportune beneficence of Dr. Birk- 
beok's movement reminds me that in the days of 
my youtli, personally and directly, I derived profit from 
that movement. In 1842, and thereabouts, it was my 
privitegft to be a member of the Pi«stoD Mechanics* 
Institution — to attend its lectures and make use of 
its library. A learned and accomplished clei^yman, 
named, if I remember aright, John Clny, chaplain of 
the Hoiise of Correction, lectured from time to time 
on mecltanios. A fine earned old man, named, I tliiiik, 
Closes Uolden, lectured on astmaomy, while «>tber 
loctnras took up the salyecta of geoenl physHS, 
dhmmmtwjy botuty, and physiology. My recolkctioo of 
it is dim, but the instnwtion tb«» received ctttered, 
Idoabtnotfinto the texture of njoundaaBilinflueB^ed 
ne im after-liCF. Ose experiment made in Aese W- 
tnorai I Kav« aever foi^ottes. Snipen OoriesSt I Utiok 
itm^vW k c ta iwi oa ra^wtjoo, «pbi»iBg »mamg 
ollnff tbiigi tte ihnpii fmimnA iy the paroge «r 
mm tWw m ^ tW bngs. Vtet «cat is w fit* oxipn 

ldh» «|vaAiM« it. filmed kis bmA tk««ch tte 
mAw, TW w fcBMe mU fiw* the k 
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wliich, beiDg practically insoluble, was precipitated. 
All this was predicted beforeliand by the lecturer; but 
the deligbt witb which I saw his prediction fulfilled, by 
the conversion of the limpid lime-water into a turbid 
mixture of ciialk and water, renjains witb me as a 
memory to the present hour. The students ot the 
IBirkbeck Institution may therefore grant me the 
honour of ranking myself among them as a fellow- 
stuilent of a foimer generation, 

At the invitation of an officer of the Royal Eogi- 
neerf, who afterwards became one of my most esteemed 
and intimate friends, I quitted school in 1839, to join 
a division of the Ordnance Survey. The profession of 
a civil engineer having then great attractions for me, 
I joined the Survey, intendinf;,' if pos>ible, to make 
myself mauler of all its operbtiona as a lir.st step to- 
wards becoming a civil engineer. Drauglitsmen were 
the beat paid, and I became a draughtsman. But I 
habitually made incursions into the domains of the cal- 
culator and computer, and thus learned all their art. 
In due time the desire to make myself master of field 
opeiations caused me to apply for permission to go to 
the field. The permission was granted by my excelleDt 
friend General George Wynne,' who then, as Lieutenant 
Wynne, ob&erved and did all he coidd to promote my 
desire for improvement. Before returning to the ofiSce 

d mastered all the mysteries of ordinary field work. 
But there remained a special kind of field work which 
had not been mastered — the taking of trigonometrical 
observations. By good fortune some work of this kind 
was required at a time when all the duly-recognised 
observers wei'e absent. Under the tutelage of a clever 
master, named Conwill, I had acquired, before quitting 

■ Died at 
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Bohool, a Bound knowledge of elementary geometry and 
trigonometry. Relying on tliia to carry me through, I 
volunteered to make the required ohservations. After 
pome hesitation, and a little chaff, a theodolite was con- 
fided to me. 

The instrument, you know, emhraces an accurately- 
graduated horizontal circle for the measurement of 
horizontal angles, and a similarly graduated vertical 
circle for the taking of vertical angles. It is moreover 
furnished with a formidable array of clamp-serewa, 
tao gent-screws and verniers, sufficient to tax a novica 
to unravel them. My first care hefore applying the 
instrument was to understand its construction. This 
accomplished, I took the field with two assistants, 
who had to measure uphill and downhill along the 
sides of large triangles into which the whulo country 
had heen previously divided. At the same time 
angles of elevation had to be taken uphill and anglea 
of depression downhill, and from these the true hori- 
zontal distance had to be calculated. The heights 
above the sea-level of the corners of the large triangles 
had been previously fixed with the utmost accuracy by 
a very powerful theodolite, and the measurements with 
my smaller instrument had to come pretty close to the 
accurate determination to save my work from rejection. 
Happily I succeeded, though there had been bets against 
me. The pay upon the Ordnaoce Survey was very 
small, but having ulterior objects in view, I considered 
the instruction received as some set-off to the smallness 
of the pay. It may prevent some of you young Birk- 
beckians from considering your fate specially hard, or 
from being daunt-ed because from a x'ery low level you 
have to climb a very steep hill, when I tell you that 
on quitting the Ordnance Survey in 1843, my salary 
was a little under twenty shillings a week. I havo 
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nfteo wondered since at the amount of genuine liappi- 
oess which a young fellow of regular liabits, not caring 
for either pipe or mug, may extract even from pay like 
this. 

Then came a pauae, and after it the mad time of 
the raihvaj mania, when I was ahle to turn to some 
account the kuowledge gained upon the Ordnance 
Survey. In Staffordshire, Cheshire, Lancashirt;, iJur- 
ham, and Yorkshire, more especially the last, I was in 
the thick of the fray. It was a time of terrible toil. 
The day's wovk in the field usually began and ended 
with the day's light, while frequently in the office, and 
more especially as the awful SOth of November drew 
near, there was little ditference between dayand night, 
every hour of the twenty-four being absorbed in the 
work of preparation. The SOth of November was the 
latest date at which plans and sections of projected 
lines could he deposited at the Board of Trade, failure 
in this particular often involving the loss of thousands 
of poimds. One of my last pieces of field work in 
those days was the taking of a line of levels from the 
town of Keighley to the village of Haworth in I'ork- 
shire. On a certain day, under grave penalties, these 
levels had to be fiuisbedj and this particular day was 
one of agony to me. The atmosphere seemed filled 
with mocking demons, laughing at the vanity of my 
effoiis to get the work done. My levelling-staves were 
snapped and my theodolite was overthrown by the 
storm. When things are at their worst a land of 
anger often takes the place of fear. It was bo in the 
present instance ; I pushed doggedly on, and just at 
nightfall, when barely able to read the figures on my 
levelling-ataff, 1 planted my last ' bench-mark ' on a 
tombstone in Haworth Churchyard, Close at hand 
was the vicarage of Mr. Bronte, where the genius waa 



230 ADDRESS DELIVERED AT 

nursed wbich soon afterwards burst forth and astonished 
the world. 

Among the legal giants of those dajs Austin and 
Taliiot stood supreme. There was something grand as 
well as merciless in the power wielded bj tliose men in 
entangling and ruiniag a hostile witness; and yet it 
often seemed to me that a clear-headed fellow, who bad 
the coolness, honesty, and courage not to go beyond 
his knowledge, might have foiled both of them. Then 
ve had the giants of the civil engineers- — Stephenson, 
Brunei, Loclie, Hawkshaw, and others. Judged by his 
power of fence, bis promptness in calculation, and hia 
general readiness of retort, George Bidder as a wit- 
ness was unrivalled. I have seen Lim take the breath 
out of Talbot himself before a committee of the House 
of Lords. Strong men were broken down by the strain 
and labour of that arduous time. Jlauy pushed through, 
and are still amongst us in robust vigour. But some 
collapsed, while others retired, with large fortunes it ia 
true, but with intellects so shattered that, instead of 
taking their places in the iront rank of English states- 
men, as their abilities entitled them to do, they sought 
rest for their brains in the quiet lives of country gentle- 
men. In my own modest sphere, I well remember the 
refreshment occasionally derived from five minutes' 
sleep on a deal table, with Babbage and Callet's Loga- 
rithms under my head for % pillow. 

It was a time of mad unrest — of downright mono- 
mania. In private residences and public halls, in 
J/tndon reception-rooms, in hotels and in the stables of 
hotels, among gipsies and costermongers, nothing was 
spoken of but the state of the share market, the pro- 
spects of projected lines, the good fortune of the osth-r 
or pot-lwy who, by a lucky stroke of business, bad 
cleared ten thousand pounds. High and low, rich and 
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poor, joined in the recklesa game. During my profes- 
sional connection with railways I endured three weeks' 
misery. It was not defeated ambition; it waa not a 
rejected love-auit ; it was not the hardship endured in 
either office or field, hut it was the possession of certain 
shares which I had purchased in one of the lines then 
afloat. The share list of the day proved the winding- 
eheet of my peace of mind. I was haunted by the 
Stock Exchange. Then, as now, I loved the blue span 
of heaven; hut when I found myself regarding it 
morning alter morning, not with the fresh joy which, 
in my days of innocence, it had brought me, but solely 
with reference to its possible effect, through the harvest, 
upon the share market, I became at length so savage 
with myself, that nothing remained but to go down to 
my brokers and put away the shares as an accursed 
thing. Thus began and thus ended, without either 
gain or loss, my railway gambling. 

During this arduous period of my life my old ten- 
dencies, chief aniorig which waa the desire to grow 
intellectually, did not forsake me; and, when railway 
work slackened, I accepted in 1847 a post as master 
in Queenwood College, Hampshire — an establishment 
which is still conducted with success by a worthy 
Principal. There I had the pleasure of meeting Dr. 
Frankland, who bad charge of the chemical laboratory. 
Queenwood College bad been the Harmony Hall of the 
Socialists, which, imder the auspices of the philan- 
thropist, Kobert Owen, waa built to inaugurate the 
Millennium. The lelters ' C of M,' Commencement of 
Millennium, were actually inserted in flint in the 
brickwork of the house. Schemes like Harmony Hall 
look admirable upon paper ; but inasmuch as they are 
formed with reference to an ideal humanity, they go to 
pieces when brought into collision with the rtal one. 
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At Queenwofld I learned, by practical experience, tli&tl 
two factors go to the formation of a teacher. In 1 
regard to koowledge he miist, of course, be master of ' 
his work. But knowledge is not all. There mi 
knowledge without power — the ability to inform with- 
out the ability to stimidate. Both go together in the 
true teacher. A power of character must underlie and 
enforce the work of the intellect. There are men who I 
can so rouse and energise their pupils— so call forth | 
their strength and the pleasure of its exercise — 
make the hardest work agreeable. Without this power! 
it is questionable whether the teacher can ever really I 
enjoy his vocation— with it I do not know a. higher 
nobler, more blessed calling, than that of the man who, J 
scorning the 'cramming' so prevalent in our day, con- 1 
verts the knowledge he imparts into a lever, to lift, t 
exercise, and strengthen the growing minds committed j 
to his care. 

At the time here referred to I had emerged from I 
some years of hard labour the fortunate possossi 
two or three hundred pounds. By selling my Bervices I 
in the dearest market during the railway madnesa the I 
sum might, without dishonour, have been made a large i 
one; but I respected ties which existed prior to the | 
time when offers became lavish and temptation strong. 
I did not put my money in a napkin, but cherished the ' 
design of spending it in study at a German university. 
I had heard of German science, while Carlyle's references 
to German philosophy and literature caused me to re- J 
gard them as a kind of revelation from the gods. I 
Accordingly, in the autiunn of 184P, Frankland and I ! 
started for the land of universities, as Germany is often | 
called. They are sown broadcast over the country, and ■ 
can justly claim to be the source of an important portion i 
of Germany's present greatness. A portion, but not alL 1 
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The thews and sinews of German men were not given 
by German iiniversitiea. The afeady fortitude and 
valiant lahoriouanesB which have fought against, and 
triumphed over, the gravest natural disadvantages are 
not the result of university culture. But the strength 
and endurance which belong to the German, as a gift 
of race, needed enlightenment to direct it; and this 
was given by the universities. Into these establlBh- 
ments was poured that sturdy power which in other 
fields had made the wastes of Nature fruitful, and the 
Btrong and earnest character had thus superposed upon 
it the informed and disciplined mind. It is the coales- 
cence of these two factors that has made Germany 
great ; it is the combination of thes^e elements which 
must prevent England from becoming small. We may 
bless God for our able journalists, our orderly Parlia- 
ment, and our free press; but we should bless Him 
still more for ' the hardy English root ' from which these 
good things have sprung. We need muscle as well as 
brains, character and resolution as well as expertness of 
intellect. Lacking the former, though possessing the 
latter, we have the bright foam of the wave without its 
rook-shaking momentum. 

Our place of study was the town of Marburg in 
Hesse Cassel, and a very picturesque town Marburg is. 
It clambers pleasantly up the hillsides, and falls as 
pleasantly towards the Lahn. On a May day, when 
the orchards are in blot'som, and the chestnuts clothed 
with their he^ivy foliHge, Marburg is truly lovely. It 
has, moreover, a history. It was here that Saint Eliza- 
Iwjth shed her holy influence and dispensed her mercie.'. 
The noble double-spired church which bears her name, 
and contains her dust, stands here to commemorate her. 
On a high hiUtop which dominates the town rises the 
6ne old castle where, in the Eittersaal, Luther and 



234 



ADDRESS DEUVEEED AT 



ZwiTigli held their famous conference on Con substantia^ 
tirtn iind Tranaulistantiation. Here for a. tinae lived 
William Tjndale, translator of the Bil)le into English, 
who waa afterwards strang-ted and burnt in Vilvorden. 
Here WoltF expounded his philosophy, and here Denis 
I'apin invented his digester, and is said to have in- 
vented a working steam-engine. The principal figure in 
the university at the time of our visit was Biinsen, who 
had made his name illustrious by chemical researches 
of unparalleled difficulty and importance, and by hia 
successful application of chemical and physical principles 
to explain the volcanic phenomena of Iceland. It was 
he who first laid hare the secret of the geysera of 
Iceland and gave the true theory of their action. A 
very worthy old professor named Gerling kept the 
Observatory and lectured on physics. Professor Steg- ■ 
mann, an excellent teacher, lectured on mathematicB, 
Ludwig and Fick were at the Anatomical Institute, 
Waitz lectured on philosophy and anthropology, Hessel 
expounded crystallography, while my accomplished 
friend Knoblauch arrived subsequently from Berlin. 
The university at the time numbered about three 1 
hundred students, and it suited my mood and meana i 
far better than one of the larger universities. 

In the excellent biography of Dr. Birkbeck recently I 
published by Dr. Godard, which to the writer of it was , 
evidently a labour of love, the name of Birkbeck is re- J 
ferred to the little river of that name which rises 
the 'Birkbeck fells' in Westmoreland. 'Beck' 
stream in the North, and ' Birk ' is birch, so that ] 
' Birkbeck ' means Birchstream. Turned into Ger 
there would be very little change. For here also Birch J 
is Birh, while Beck is Buck. In Mai'burg I lived c 
the Ketzerbach, a street through the middle of which ] 
ran an open brook fiinged with acacias. Before the i 
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Reformation had gathered sufficient strength to put a 
stop to Buch thinga, a iiutnber of honest people, differ- 
ing in belief from a number of equally honest people 
who possessed the will and power to miirder them, were 
here burnt to death, their calcined bonea being thrown 
into the brook. Hence the name Ketzerbach^Here- 
tics' Brook — which survives to this hour. My lodging 
was a very homely one — two rooms at the top of the 
house, one a study, the otber a bedroom. I was imme- 
diately visited by a personage who offered his services 
as master of the robes. Bearing as he did a good 
character, he was at once engaged. This Stiefelwichser, 
or boot-cleaner, whose name was Steinmetz, carried 
with him besides his brushes a little cane about two 
feet long, and his vocation was to enter the rooms of 
the student early in the morning, gather up his clothes 
and boots, retire to the landing, whence after a few 
minutes' vigorous beating and brushing, he returned 
with everything clean, neat, and presentable for the 
day. 

My study was warmed by a large stove. At first I 
missed the gleam and sparkle from flame and ember, 
but soon became accustomed to the obscure heat. At 
six in the morning a small milckbrod and a cup of tea 
were brought to me. The dinner-hour was one, and for 
the first year or so I dined at a hotel. In those days 
living was cheap in Marburg. There was no railway to 
transport local produce to a distance, and this rendered 
it cheap at home. Our dinner consisted of several 
courses, roast and boiled, and finished up with sweeta 
and dessert. The cost was a pound a month, or about 
eigbtpeuce per dinner. You must not suppose that I 
partook of all the courses. I usually limited myself 
to one of them, using even it in moderation, being 
already convinced that eating too much was quite &a 
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BiDtiil, and almost as ruinous, as drinking too muclua 

"Watch and ward were therefore kept over the eating.. . 
By attending to Buch things I was able to work, wllh-^ 
out weariness, for Bisteen hours a day. 

With my Stiefelwichser I was soon at war. It wiitf J 
not a 'declared war.' It was not a 'war of reprisals," 
It was not even a struggle for supremacy, but a modert :] 
contest on my part for mere equality. Preferring I 
working in the early morning to working late atj 
night, I thought five o'clock a fair hour at which to 1 
begin the day. But my Stiefelwichser chose to come 1 
at four. For a time I allowed him so to come, wilhout .[ 
changing my hour ; but shame soon beqan to take ] 
possession of me. I considered his case, and compai 
his aims and inducements with my own. For the servii 
he rendered me I allowed him the usual pay — a few-B 
thalers for the Semester, or term. The thaler ' 
three shillings. I asked myself what my aims and 
pirations were worth if they were unable to furnish i 
motive power equal to that which this poor fellow eX'O 
tracted from his scanty wage, I tried to take refuge! 
in a text of Scripture, and said to myself soothingly, 
'The children of this world are always in their gen&- I 
ration wiser than the children of light.' It was very J 
comforting for the moment to think of poor Steinmeta f 
as a chUd of this world, and of his employer as a child J 
of light. But in those days there existed under the I 
same skin two John Tyndalls, one of whom called the J 
other a humbug, accompanying this descriptive noun J 
by a moral kick which, in the matter uf getting up, I 
effectually converted into a child of thia world tbel 
child of light. For a long time I was always in a con-l 
dition to look Steinmeta in the face, and return hilT 
' Guten Morgen ' when he arrived. We afterwards r»4a 
lased, and made our hour of meeting five ; and for th^T 
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last year or so, haviEg climbed my roughest emiceuces, 
and not feeling a continuance of the strain to be 
necessary, I was content if found well submerged in my 
tub before the clock of St. Elizabeth had finished ring- 
ing out fiix in the morning. 

Early risers are sometimes described as insufferable 
people They are, it is said, self-righteous — filled with 
the Pharisaical ' Lord, I thank thee that I am not as 
other men are I ' It may be Eo, but we have now to 
deal not with generalisations but with facts. My 
going to Germany had been opposed by some of my 
friends as quixotic, and my life there might perhaps 
be not unfairly thus described. I did not work 
for money ; I was not even spurred by ' the last 
infirmity of noble minds.' I had been reading Fichte, 
and Emerson, and Carlyle, and had been infected by 
the spirit of these great men. Let no one persuade 
you that they were not great men. The Alpha and 
Omega of thL'ir teaching was loyalty to duty. Higher 
knowledge and greater strength were within reach of 
the man who unflinchingly enacted his best iusight. 
It was a noble doctrine, though it may sometimea have 
inspired exhausting disciplines and unrealizable hopes. 
At all events it held me to my work, and in the long 
cold mornings of the German winter, defended by a 
Schlafrock lined with eatskin, I usually felt a fresh- 
B and strength — a joy in mere living and working, 
derived from perfect healtli — which was something 
different from the malady of self-righteousness. 

At Marburg I attended the lectiues of many of the 
eminent men above mentioned, concentrating my chief 
attention, however, on mathematics, physics, and 
chemistry. I should like to have an opportunity of 
subjecting these lectures, especially those of Bunsen, to 
It riper judgment than mine waB at that time. I 
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learnt German by listening -to Bunsen, and as myi 
knowledge of tbe language increased the lectures grewl 
more and more fascinating. But my interest was alive " 
from the first, for Bunsen was a master of the language 
of experiment, thus reaching the mind thioitgb the 
i.'ye as well as through the ear. The lectures were 
full of matter. Notes of them are still in my possessioa 
which prove to me how full they were, aud how com- I 
pletely they were kept abreast of the most advanced 
knowledge of the day. This is a use and a sense of the 
word 'advanced' which maybe safely commended to 
your sympathetic attention. In many directions it is 
eaay enough to become advanced, but not in this one. 
Bunsen was a man cf fine presence, tall, hai 
courteous, and withouta trace of atfectatiouor pedantry, i 
He merged bimst-lf in hia subject: his exposition waaa 
lucid, and bis language pure ; be spoke with the clear 1 
Hanoverian accent which 13 so pleasant to English ears jj 
he was every iuch a gentleman. After some experiencaS 
of my own, I atilt look back on Bunsen as the n 
approach to my ideal of a university teacher. Hq| 
sometimes seemed ab.-ent-minded, and, as he gazed 
through the window at the massive Elizabeth en Kirche,J 
appeared to be thinking of it rather than of his lecture, i 
But there was no interruption, no halting or stammer- 
ing to indicate that he bad been for a single moment 
forgetful. He lectured every day in winter, and twicf 
a day in summer, beginning his course on organio, 
chemistry at seven in tbe morning. After tbe lectures 
laboratory work continued till noon. During this timsj 
no smoking was allowed in tbe laboratory, but at no( 
liberty as regards the pipe began, and was continuec 
through the day, Bunsen himself was an indiistriom 
smoker. Cigars of a special kind were theu sold in 
Marhurg, called 'Bunsen'sche Cigarren'; they werj 
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Tery cheap and very bad, but they were liked by my 
illustrious friend, and were doubtless to him a source of 
comfort. Dr. Debus, tbe late distioguished professor of 
cliemiBtrj at tbe Eoyal Naval College, Greenwich, waa 
Bunsen's laboratory assistant at tbis time, and to him I 
waa indebted for some lessons in blowpipe chemistry. 
BuDseii afterwards took me under his own charge, giving 
me Icelandic trachytes to analyse, and other work. 
Besides being a chemist, he waa a profound physicist. 
His celebrated ' Publicum ' on electro-chemistry, to 
which we all looked forward as a treat of the highest 
kind, was physical from beginning to end. He was the 
intimate friend ofW. Weber of Gbttingen, and was well 
acquainted with the labours of that great electrician. 
Breaking ground in frictionai electricity, he passed on 
to the phenomena and theoiy of the Voltaic pile. Ho 
waa a great upholder of the famous Contact Theory, 
which bad many supporters in Germany at the time, one 
of the foremost of these being the genial-minded Kohl- 
rauseh. This theory, as you are well aware, has under- 
gone profound modifications. There are, no doubt, 
eminent philosophers amongst us who would pronounce 
the theory, in its first form, unthinkable, inasmuch aa 
it implied tbe creation of force out of nothing. Bat 
the fact that some of tbe most celebrated scientific 
in in the world, with the ilUistrioua Volta himself as 
their leader, accepted and saw nothing incongruoua in 
the theory, shows how ' unthiiikability' depends upon 
the state of our knowledge. The laws of Ohm were ex- 
pounded with great completeness by Bunsen. Various 
modes of electric measurement were illustrated ; the 
electric light from the carbon battery, invented by 
himself, was introduced, tbe electric telegraph was ex- 
plained, Steinheil'a researches in regard to the ' earth 
circuit' were developed; and it was in these lectures 



2r/ Al/LBil^t 12LITZS£D AX 

ir.^.' I f ;t r ': .: : ir^ h'y^L^nria^ ird ftppr«eiatiTe refer- 

:,*' /ur^uu^ th^ prof^^iT of matbematics, was alao a 
rri;iri of ».trori^ in'livi'iaality. He lectured in a small 
room on f h<; Mat, which he occupied. This was the 
ii.!itiil iiTr:i'tir/-iwuti r;sich professor had a lecture-room 
on Im^ own tl^ior, nuA the students in passing firom lee- 
liiff* hi \irAurt' \tii(\ sometimes to go from one end of 
IV1tii)iiii|/ to Ihri other. The desks were of the most 
|iiitriilivf (IcHrriptiori, nnd into them the inkhoms were 
Mi'iiiii ly li«'*(| hy rncariH of spikes at the bottom. Be- 
mIiIum iillriiihii;; hJH locUints I had private lessons from 
ri.iliMi.ini Slri'iimiin. Ilo was what I have already de- 
miiiImmI hlni (o |m\ un oxivlleiit teacher. He lectured 
nil mitilvni'i, ou unulytinil ji^HHnetry of two and three 
iliMiiiiihMi'i. on (ho (lilVtMvutial and integral calculus, 
«iu I hi' r.ttiMiliH of variationt^ and on theoretical 
\^\^'^ \\\\\w\. \\\ n\.Uho!u,itios ho appeared to be entirely 
k\{ hi»n\,'. I h,i\o svMwotiiuos sivu him, after he had 
.iiiu,i.\ \\l«x»U\ ov»\ruNl )us MaokKvirvl with equations, 
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I tell you tbat. I must tell you a great deal more.' 1 
thought ho meant to insinuate tliat I wished for illegi- 
timate aid in the working out of my theme. I shrank 
together, and resolved that If I could not, without the 
slightest aid, accomplish the work from beginning to 
end, it should not be accomplished at all. Wandering 
among the pinewoode, and pondering the subject, I 
became more and more master of it ; and when my dis- 
sertation was handed in to the Philosophical Faculty, 
it did not contain a thought that was not my own. 

One of my experiences at Mai'burg may be worth 
noting. For a good while I devoted myself wholly to 
the acquisition of knowledge; heard lectures and 
worked in the laboratory abroad, and studied hard at 
home. When a boy at school I had read an article, 
probably by Addison, on the importance of order in the 
distribution of our time, and for the first year or so my 
time was ordered very stringently, specified hoars being 
devoted to special subjects of study. But in process of 
time I began the attempt of adding to knowledge as well 
as acquiring it. My first little physical investigation 
was on a subject of extreme simplicity, but by no means 
devoid of scientific interest — ' Phenomena of a Water- 
jet.' Among other things, I noticed that the musical 
sound of cascades and rippling streams, as well a.i the 

irouB voice of the ocean, was mainly if not wholly 
due to the breaking of air-bladders entangled in the 
water. There is no rippling sound of water u laccom- 
panied by bubbles of air. This inquiry was followed by 
others of a more complicated and difficult kind. Well, 
over and over again after work of this description had 
begun, I found myself infringing my programme of 
study. Discontent and self-reproach were tlie first 
result. But it was soon evident that a rigid ordering 
of tinae would now be out of place. You could not 
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call up at will the spirit of research. It wus like 

that other spirit which cometh when it listeth, and 
greater wisdom was shown in following out at the time 
a profitable line of thought, than in adhering to a 
fixed lesson-plan. By degrees all discontent vanished, 
and I became acclimati^d to my new intellectual con- 
ditions. Continiiing to work strenuoiisly but happily 
till the autumn of 1850, I then came to England. 
But I soon returned to Germauy, l«ing this time 
accompanied by my lifelong friend, Mr. Thomas Archer 
Hirst, late Director of Studies in the Royal Naval 
College, 

To those Marburg days I look back with warm 
affection, both in regard to Nature and to man. The 
surrounding landscape with its various points of interest 
and beauty is still present to my mind's eye: the 
Dommelsherg, the Kirchbpitze, Spielslust, Marbach, 
Werda, aud farther off Kirchain, with ita neighbouring 
spurt of basaltic rock. On this huge wart stands a 
Catholic church, many Catholic crosses, and a village 
containing a purely Catholic popidiition. It might be 
described as au oasis of Catholicism amid a howling 
desert of Protestantism, for Protestantism was regnant 
everywhere around. And then there were the various 
places of refreshment dotted over the neighbourhood, 
to which we resorted in little parties from time to time. 
Close at hand was Ockershausen, where the students . 
used to enjoy their pancakes and sour milk, without a 
thought that the sourness was produced by little grow- 
ing microscopic rods — the lactic acid ferment. The 
mention of this living ferment reminds me that during : 
my time at Marbui'g existed a delicacy which is now , 
eaten witit precautions. On slices of black bread were 
nicely spread layers of fresh butter, and on these again ■ 
thin slices of rohe Schviiken — raw ham. The discovery | 
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of tricldncE encysted in the muscles of tlie pifj;, whiuh 
when eaten had the power of reproducing themselves 
in multitudes in human muscle, and of destroying life, 
has interfered with the luxury of rohe Schbiken. 
Daring the Semester we had our excursions abroad 
and our social gatherings at home. Krdmchen means 
a small chaplet or crown of leaves ; but it also means a 
little circle or club, and we had our English Krdnzcheriy 
the members of wbiuh used to meet at each other's 
houses once a week, for the reading of Shakespeare and 
Tennyson. 

Eumours of the great men of Berlin reached Mar- 
burg from time to time. Their names and labours 
were frequently mentioned in the lectures. Hr.ving 
previously learned that I should have the privilege of 
working there in the laboratory of Professor Magnus, 
to Berlin I went in the beginning of 1851. Magnus 
had made his name famous by physical researches of the 
highest impurtance. The finish and completeness of 
his experiments were characteristic. He was a wealthy 
man, and spared neither pains nor expense to render 
his apparatus not only effective but beautiful. His ex- 
periments on the deviation of projectiles may be noted 
as special ill us tr at ions here. But on everythtug he 
touched he sought to confer completeness. The last 
years of his life were, for the most part, occupied in a 
discussion with myself on one of the most difficult sub- 
jects of experimental physics — the interaction of radiant 
heat and matter in the gaseous state of aggregation. 
It was also my privilege to meet Dove, who was re- 
nowned in various ways as a physicist. He had won 
fame in optics, acoustics, and electricity, but his greatest 
labours were in the field of Hcientific meteorology. 
The two Roses were there, Heinricb and Gustav, genial 
and admirable men, the one a great chemist, the othei 
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agreat geologist. I met Mi tscherlich, whose researches 
in cry s tall ugmphic chfmistry and plij'bics bad rendered 
bia name illustrious. With Ehreiiberg I Lad various 
conversations on microscopic organisms. I wanted at 
the time some amorphoiiscarbonateof lime, and thought 
that Ebrenberg'a microscopic chalk shelb might serve 
my purpose; but I was thrown back by learning that 
the shells, small as they were, were built of crystals 
smaller etill. I made the acquaintance of Eiest, the 
foremost exponent of irictional electricity, who more 
than once opposed to Faraday's radicalism his own 
conservatism as regards electric theory. Du Boia- 
Reymond was there at the time, full of power, both 
physical and mental. His fame had been everywhere 
noised abroad in connection with his researches on 
animal electricity. Du Bois-Reymond is now Perpetual 
Secretary to tlie Academy of Sciences in Berlin, and 
his discourses before that learned body show that hia 
literary power takes rank with his power aa an investi- 
gator. At the same time I met Clausiiis, known all 
over the world through his researches on the mechanical 
theory of heat, and whose first great paper on the sub- 
ject I translated before quitting Marburg. ■ Wiedemann 
was there, whose own researches have given him an 
enduring place in science; and who has applied bis 
vast powers of reading and of organisation to throwing 
into a convenient form the labours of all men and 
nations on voltaic electricity. Poggendorff, a very able 
experimenter, was also there. He is chiefly known in 
connection with the famous journal which so long bore 
his name. From all these eminent men I receivedi'J 
every mark of kindness, and formed with some of thei 
enduring friendships. Helmholtz was at this time i 
Konj-gsberg. He had written Ms renowned essay i 
the Conservation of Energy, which I translated, and 1 
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liid juct finished his experiments on the velocity of 
nervous t ran smissiori ^proving this velocity, Which 
had previously been regarded as instantaneous, or at all 
events aa equal to that of electricity, to be, in the 
nerves of the frog, only 93 feet a second, or about one- 
twelPth of the velocity of sound in air of the ordinary 
temperature. In his own house I had the honour of an 
interview with Humboldt. He rallied roe on having 
contracted the habit of smoking in Germany, his 
knowledge on this head being derived from my little 
paper on a water-jet, where the noise produced by the 
rupture of a film between the wet lips of a smoker is 
referred to. He gave me various messages to Faraday, 
declaring his belief that he (Faraday) had referred the 
annual and diurnal variation of the declination of the 
magnetic needle to their true cause — the variation of 
the magnetic condition of the oxygen of the atmosphere. 
I was intevepted to Icam from Humboldt himself that, 
though so large a portion of hia lite had been spent iu 
France, he never published a French essay without 
having it first revised by a Frenchman. In those days 
I not unfrequently found it necessary to subject myself 
to a process which I called depolarization. My brain, 
intent on its subjects, used to acquire a set resembling 
the rigid polarity of a steel magnet. It lost the pliancy 
needful for free conversation, and to recover this I used 
to ■walk occasionally to Charbttenburg or elsewhere. 
From my experiences at that time I derived the notion 
that hard thinking and fleet talking do not run to- 
gether. 

In trying to carry out the desire of Mr. Norria I 
have spoken as a worker to workers ; believing that 
though the word / has occurred so freijuently in this 
address, far from seeing in it a display of egotism, you 
will accept it aa a fragment of the life of a brother who 
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has felt lUt jcars of the battle in which many of you are 
now engaguJ. Duty has heen mentioned as my motive 
force. In Germany you hear this word much more 
frequently than the word 'glory.' The philosophers of 
Oermany we/e men of the loftiest moral tone. In fact, 
they were preachers of relifr-on as much as eipoundera 
of philosophy. Shall we say that from them the land 
took its moral colour ? It would be to a great extent 
true to say so ; but it should be added that the German 
philosophers were themselves products of the German 
soil, probably deriving the basis of their moral qualities 
from a period anterior to their philosophy. Lot ma 
tell you an illustrative anecdote. In the summer of 
1871 I met at Pontresina two Prussian officers — a cap- 
tain and a lieutenant — who had come there to recruit 
themselves after the hurts and sufferings of the war. 
We had many walks and many talks togetlier. It was 
particularly pleasant to listen to the way in which they 
spoke of the kindness and the sympathy shown by the 
French peasantry towards the suffering German soldiers, 
whether wnur.ded or broken down upon the march. I 
once asked them how the German troops behaved when 
going into battle. Did they cheer and encourage each 
other? The reply 1 received was this: ' Never in our ei- 
perience has the cry, " Wir miissen Kiegen " [We must 
conquer], been heard from German soldiers ; but in a 
hundred instances we have heard them resolutely ex- 
claim, "Wir miissen unser Pflicht thun" [We must do 
our duty].' It was a sense of duty rather than love of 
glory that strengthened t'lose men, and filled them with 
an invincible hevoiBm. We in En^'land have always 
liked the iron ring of the word ' duty.' It was Nelson's 
talisman at Trafalgar. It was the guiding-star of 
Wellington; When, on the death of Wellington, he 
vrote hiii immortal 'Ode,' out Laureate poured into 



THE BEBKBECK INSTITUTION. 247 

the praise of Duty the full strength of his Enp^lish 
heurt : — 

Not once or twice in onr rongh island-sf orj 
The path of duty was the way to glory : 
He that walks it, only thirsting 
For the right, and learns to deaden 
Love of self, before his journey closes, 
He shall find the stubborn thistle bursting 
Into glossy purples, which outredden 
All voluptuous garden roses. 
Not once or tvrice in our fair island-storj 
The path of duty was the way to gloiy. 
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THOVAS rOUNO.* 
Eahlt Life 4SD Studies. 

FOUR great names are indiasolubly associated with 
the establishment in which we are here assembled 
— itH loimder, Benjamin Thompson, better known as I 
Count Eumfurd; its Chemical rroTessor, Hiimphiy | 
Davy; its Professor of Natural Philosophy, Thomas | 
Young ; and, 6nally, the man whom so many of us have i 
the privilege to remember, Michael Faraday. Of the I 
character and achievements of the thii'd of the great I 
men here named, less seems to he publicly known than ( 
ought to be known. Even a portion of this audience I 
may possibly have some addition made to its knowledge 1 
by reference to the life of a man who served the In- 
stitution in the opening of the present century. I J 
therefore thought that such a brief account of him a 
could be compressed into an hour might not be withoutLj 
interest and instruction at the present time. 

Thomas Young was born at Milverton, in Somersefc-I 
shire, June 13, 1773. His parents were memheTsl 
of the Society of Friends. Nearly seven years ofl 
his childhood were speot with his maternal grand- 
father. He soon evinced a precocity which might have J 
been expected to run to seed and die rapidly out. I 
MTien he was two years old he was able to read witfa-l 
considei-able Oiiency, and before he had attained thai 

■ Ky last lecture in the Boyal lastltation, delivered Jan. 2S^ 
ISSO. Cliief authority : Dean Peacock's Life ^ Yoavg. 



EARLY LIFE AND STUDIES. 



249 



I 



Rge of four years, he had read the Bille twice through. 
At the age of six he learnt by heart the whole of Gold- 
emith's 'Deaerted Villa^je.' Hia first formal teachers 
were not suceessfiil, and an aunt in those early days 
appears to have been more useful to him than anybody 
elae. When not quite seven years of age, he was placed 
at what he calls a miserable boarding-school at Stapleton, 
near Bristol. But he soon becanae his own tutor, dis- 
tancing in his studies those who were meant to teach 
him. 

In March 1782 he was sent to the school of 
Mr. Thompson, at Compton, in Dorsetshire, of whose 
liberality and largeness of mind Young spoke after- 
wards with affectionate recognition. Here he worked 
at Greek and Latin, and read a great many hooka in 
both languages. He also studied mathematics and 
book-keeping. Of pregnant influence on hia future 
life was the reading of Martin's ' Lectures on Natural 
Philosophy,' and Ryland's ' Introduction to the New- 
tonian Philosophy.' He read with particular delight 
the optical portions of Martin's work. An usher of the 
school, named Jeffrey, taught him how to make tele- 
scopes aud to hind books. The early years of Young 
and Faraday thus inosculate, the one, however, pursuing 
bookbinding as an amusement, and the other as a 
profession. Young borrowed a quadrant from an in- 
telligent saddler named Atkins, and with it determined 
the principal heights in hia neighbourhood. He took 
to botany for a time, but was more and more drawn 
towards optics. He constructed a microscope. The 
disentangling of difficult problems was his delight. 
Seeing some fluxional symbols in Martin's work, he at- 
tacked the study of flusinns. Priestley on Air was read 
and underatool, while the Italian language was mastered 
by the aid of one of his schoolfellows named Fox. 
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After l(?aving Compton, he devoted himself to t>M 
study of Hebrew. Mr. Toulmin,of whom Young spealoiM 
with afl'ection, lent bim grammars of the Hebrew, T 
Chiihiee, Syriac, and Samaritan langitagea, all of which 
he studied with diligence and delight. Mr, Toulmin 
also lent him the Lord's Prayer in mure than a hundred 
lunguiigesj the examination of wliich gave him extra- 
ordinary pleasure. Through one of those accidents 
which enter so largely into the tissue of human life, 
Young found himself at Youngsbury, near Ware, 
Hertfordshire. It was a strong testimony to his t; 
and character, that Mr. Barclay at this time accepte 
hiin US the preceptor of his grandson, Mr, Hudson C 
noy, although Young «;vstheu little more thai 
and his pupil only a year and a half younger than i 
self. ThuB began a lifelong friendship between 1 
and Hudson Gurut'y. Young spent five years at Yoi 
bury, which ho deemed the most profitable years of ti 
titift. He spent the winter months in London, visiti: 
IwoksK-l liars' shops and heiiring occasional lectures. 
kvjpl a joumtil iu Hertfordshire, the first entry of m 
iufi>nu$ tu> (Kit Iw htui written out specimens of t 
UiMv iu thirteen diflVrpot Ung»ag«^ It is recorded a 
Young that, whwt r«vitKtst«4) by an aeqistinbuice^ « 
praMUMd HmMwkkt uptw Ida youtUul appesnao^ ft 
vxktiMl « apMtinM of ^ handwriUo^ be T«cj d ' 

tWJBifnmw tt«t ft* vaa « I 

FSAlatif Mw<<btwiiJNff» 
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fltndy he began, he never abandoned; and it was, saya 
Dean Peacock, in hia 'Life of Young,' to his steadily 
keeping to the principle of doing nothing by halves, 
that he was woDt Iq after-life to attribute a great part 
of bis success as a scholar and a man of science. 

young's mother was the niece of Dr. Broekle.-by, 
and this eminent London physician appears to have 
taken the greatest interest in the development of his 
youthful relative. He nevertheless occasionally gave 
Young a rap over the knuckles for what he called his 
' prudery.' We all know the strenuous aud honourable 
opposition that has been always offered to negro slavery 
by the Society of Friends. In carrying out their princi- 
ples, they at one time totally abstained from sugar, lest 
by using it they should countenance the West Indian 
planters. Young here imitated the conduct of his sect, 
which Dr. Broi:klesby stigmatised aa ' prudery.' ' My 
late excellent friend Mr. Day,' says the Doctor, 'the 
author of " Sandford and Merton," abliorred the base 
trafBc in human lives as much as you can do ; and even 
Mr. Granville Sharp, one of the earliest writers on the 
subject, has not done half as much service as Mr. Day 
in the above work. And yet Mr. Day devoured daily 
as much sugar as I do. Eefurmation,' adds the Doctor, 
'must take its rise elsewhere, if ever there is a general 
mass of public virtue sufiicieub to resist such private 
interests.' 

Over and above his classical reading, from 1790 to 
1792, Young read Simpson's ' Fluxions,' the ' Principia' 
and 'Optics' of Newton, and many of the works of other 
famous authors, including Bacon, Linn^us, Koerbaave, 
Lavoisier, Higgins, and Black. He confined himself 
CO works of the highest stamp. He mastered Corneille 
and Hacine, read Shakespeare, Milton, Blackstone, and 
Burke, But he was, adds his biographer, 'contented 
17 
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^m neitdet tranquillity nor relaiatioo, nor the 6atteniig 
^M attentions of his equals in age and station, nor publio 
^B games nor banquets would delight; who would regard 
^H nothing in lite as (lesir;i!)ie which was not united with 
^H dignity and virtue; — such a man I regard as I'eing, in 
^H my judgment, fumishtsd aud adorned with some special 
^H gifts of the gods.' 

^H l\ is mediL'al etudiea were pttrsiied with the thorough- 

^K ness which marked everything Young took in hand. 
^M He was an assiduous attendant at the best lectures. 
^1 His delight in opfics naturally drew him to investigate 
^m the anatomical structure of the eye. In regard to this 
^P structure it will be rememliered that in front is Ihe 
^B cornea, holdiug behind it the aqueous humour ; then 
^M comes the iris, surrounding the aperture called the 
^H pupil, at the back of which we have the crystalline 
^H lena. Behind tins, again, is the vitreous humour, which 
^1 constitutes the great mass of the eye. Thus, optically 
^B considered, the eye is a compound lens of great com- 
H plexity and beauty. Behind the vitreous humour is 
U spread the screen of the retina, woven of fine nerve- 
fibres. On this screen, when any object looked at is 
distinctly seen, a sharply-defined image of the object 
is formed. Definition of the image is necessary to the 

Idiatinctness of the vision. Were the optical arrange- 
ments of the eye rigid, distinct vision would be pos- 
sible only at one definite distance. But the eye can 
see distinctly at different distances. It has what the 
Germans call an Accommodationavennogen — a power 
of adjustment — which liberates it from the thrall of 
rigidity. By what mechanical arrangement is the eye 
enabled to adjust itself both for near and distant 
objects? Young replied, 'By the alteration of the 
curvature of the crystalline lens.' Ilie memoir on this 
Bubject was considered ao meritorious, that it was 
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printed in the ' Trantiactions of the Eoyal Society*) 
and in the year following, at the age of twenty-one, ha 
was elected a Fellow of the Society. 

Young's memoir evoked sharp discussion, both U.J 
regards the priority and the truth of the discovery. IbM 
was claimed by John Hunter, while its accuracy was.l 
denied hy Huuter'a brother-in-law, Sir Everard Home, f 
who, jointly with Mr. Ramsden, affirmed that the-l 
adjustment of the eye depended on the changedB 
curvature of the cornea. A couched eye — that is to say,, 
an eye from which the cryatalliue lens had heen re- 
moved — they affirmed to be capable of adjustment. lafl 
tiie face of such authorities Young, with the candour! 
of a true man of science, abandoned the views he had! 
enunciated. But it was only for a time. He aooal 
resumed his inquiries, and proved to deraonstratioffj 
that couched eyes had no trace of the power ascribei 
to them. Before the time of Young, moreover, weightn 
authorities leaned to the view that the adjustment o 
the eye depended on the variation of the distanofl 
between the cornea and the retina. When near objec 
were viewed, it was thought that the axis was lengt 
ened, the retina or screen being thereby thrown farthei 
lack. In distant vision the re/erse took place. 
Young proved beyond a doubt that no such variation ii 
the length of the axis of the eye occurs; and this 
been verified in our own day by Helmholtz. Tlie ohaiig( 
in the curvature of the crystalline lens has been aly 
verified by the most exact experiments. When we pa.su 
for instance, from disfant to near vision, the image o 
candle-flame reflected from the front surface of the lei 
becomes smaller, proving the lens to he then ; 
sharply curved. When we pass from near to di: 
vision, the image becomes larger, proving the curvalm 
of the lens to have diminished. The radius of curvatui 



EARLY LIFE AND STUDIES. 252 

of the lens irader tbese circ urns' tan ces has been shown 
to vary frora six to ten in ill i meters. Young's theory 
of the adjustment of the eye has been therefore com- 
pletely verified. But it is stiil a moot point as tn what 
the mechanism is by which the change of curvature is 
produced. Young tbonglit that it was effected by the 
mtiBCularify of the lena itself. The muscles, however, 
would require nerves to excite them, and it would be 
hardly possible, in the transparent humours of the eye, 
for such nerves to escape detection. They, however, 
have never been detected. 

While passing through Bath in 1794 Young, at the 
instance of Dr. Brockleshy, called upon the Duke of 
Richmond. The impression made by Young at this 
time may be gathered from a note addressed hy the 
Duke to the Doctor in these terms : — ' But I must tell 
you how pleased we all are witli Mr. Young. 1 really 
never saw a young man more pleasing and engaging. 
He seems to have already acquired much knowledge in 
most branches, and to be studious of obtaining more. 
It comes out without affectation on all subjects he talks 
npon. He is very cheerful and easy withoiit assuming 
anytliing ; and even on the peculiarity of his dress and 
Quakerism, he talked so reasonably, that one cannoc 
wish him to alter himseF in any one particular. In 
short, I end as I began, by assuring you that the 
Duchess and I are quite charmed with bim.' The Duke, 
then Master of the Ordnance, was a very competent 
man. He was well acquainted with the instruments 
DEeJ in the great Trigonometrical Survey under his 
control. He offered to Young the post of private 
aecretary. Young's acceptance wo»Ud have brought 
within his reach both honour and emolument. But to 
his credit be it recorded he refused the post, beoauso 
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its acceptxQce woiiM huve renJered 'oeiiesstij tbe ah^^ 
(ionment of his costume as a member i>f the Societj ol 
Friends. Soon afterw:irds he paid ^ visit to a cele- 
br:ited cattle-breeder Dear Adliboiime, and liescribesirilli 
vivid interest wliat >£r. BickweLJ lidd ^complLifaed hy 
the procea of artiliciLtl selecciuii. Facts like tiiese^ 
presented afterwards to the pondemig mind of Darwin, 
caused tbe ^eat naturalist to pass from artificial to 
natural selectioD. Tonng visited Darwin's grandfather, 
and critit-iged liis ' Zooaomia,* The inspection of Dr- 
Darwin's cameos, minerals, and plants, ^ave him great 
(ieliyht, the supreme pleasure beinj; derived from the 
cameos Dr. Darwin stated that bt had burrowed mnch 
of the imagery of his poetry from the gracefid ex|a<es~ 
Bioo and vigorous conception which these cameos 
breathe. His opinion of his visitor was pithily exr- 
pressed in a letter of in tru dilution to a friend in Edin- 
burgh. ' He unites the scholar with the philosopher^ 
and the ciiltivatian of modem arts with the simplicity 
of ancient manners.' 

Young went to Edinburgh to continue his studies ia 
mciicine. Hiw reputation bad gone before him, and hft- 
waa welcomed in the beat society of the northern capital* 
He met Bostock, Bancroft, Turner, Gibbe, Gr^orj^ 
Duncan, Black, and Munroe. He dwells specially upon 
the lectures of John Bell, whose demonstrations in 
anatomy appeared to him to be of lirst-rate ezcellfflic^ 

There in nothing that I have met in Dean PeacoekW 
' Life of Young' to denote that he was ferventlj nli^l 
giouH. The Ciceronian 'virtue,' rather than religious' 
emotion, seemed to belong to his character. The boldll 
which mere habit long exercised over him, and whi 
loyalty to his creed had caused him to maintaia at 
period of temptation, became more and more reli 
He gradually gave up the formal practices of Quukerisi 
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In r^ard to drea) and other matters. He took leesona 
m da.ncing, and appeared to delight in that graceful 
art. I remember the late Mr. Babbage telling me that 
once, upon a London etage, bj the untimely raising of 
a drop-scene, Young was revealed in tlie attitude of a 
dancer. He anaiduoualy attended the theatre. So, it 
may be remarked, did the profoundly religious Faraday. 
Oq leaving Edinlmrgh he paid a farewell visit to bia 
friend Cruikshariksj who took bim aside, and after raunh 
preamble, ' told me,' says Younjj, ' that lie had heard 
that I bad been at the play, and hoped that I should be 
able to contradict it, I told bim that I had been seve- 
ral times, and that I thought it right to go. I know 
you are determined to discourage my dancing and aing- 
jng, and I am determined to pay no regard whatever to 
i\'hat you say.' 

After completing hia studies at Edinburgh, Young 
went to the Highlands. The houses in which he was 
received show the consideration in which be was held. 
lie visited the chief seats of learning, and the principal 
libraries, as a matter of conrse; but be had also occasion 
to enjoy and admire ' the good sense, frankness, cordial- 
ity of manners, personal beauty, and accomplishments' 
of the Scottish aristocracy. So greatly was he deligbted 
with his visit to Gordon Castle, that before quitting it 
l.e wrote thus : ' I could almost have wi^^hed to break 
or dislocate a limb by chance, that I might be detained 
against my will. I do not recullect that I have ever 
passed ray time more agreeably, or with a party whom I 
thought more congenial to my own disposition.' Ha 
visited Staffa, but took more pleasure in Pennant's 
plates and descriptions than in Fingal's Cave, or the 
scenery of the island. From the Dncbess of Gordon ho 
carried a. letter of introduction to the Duke of Argyll, 
and spent some time at Inverary. In riding out he 
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waa given bis choice to proceed leisurely with tlie 
Duke, or to ride with the ladiea and be galloped 
over. His reply was, that of all things he liktd being 
galloped over, and be made his choice accordingly. Ha _ 
compares the two daughters of the Duke to Veniis and j 
Minerva, bolh being goddesses. He visited tiie Cum- 
berland lakes. But here it may be caid, once for all, 
that Young was somewhat stunted in his taste for 
natural scenery. He was a man of the town, fond of 
social intercourse, and of intellectual collision. He 
could nut understand the possibility of any man 
choosing to live in tbe country if the chance of living 
in London was open to him. At Liverpool he dined 
with Eoscoe, proceeding afterwards to Coalbrookdale 
and i(B ironworks. As previously at Cairon, he waa 
greatly impressed by tbe glare of the furnaces. Mr. 
W. Keynolds, who appeared to interest himself ial 
physical experiments on a large scale, told him that he I 
had the intention of making a flute 150 feet long and \ 
2^ feet in diameter, to be blown by a steam-engine I 
and played upon by barrels. From Young's letters f 
it is evident that he then saw tbe value and necessity | 
of what we now call technical education. 



I 



In October 1705, he became a student in thai 
University of Gottingen. He gives an account of his-4 
diurnal occupations, embracing attendance at lecttiresW 
on history, on materia medica, on acute diseases, and I 
on natural history. He is careful to note that he had j 
also lessons twice a week from Blessmen, the academical J 
dancing- master, and the same number of lessoDS on thS' I 
clavichord from Forkel, Young's pursuit of ' personal 1 
accomplishments' is considered by his biographer tal 
have been excessive. At Gottingen he attended, oil-J 
Sundays, tea dances or supper dances. The motbei 



EARLY LIFE AND STUDIES. 



259 



of handsome daughters appear to have been wary of 
the studeDts, having reason * to fear a traitor in every 
young man.' He made at Giittingen the acqiiaintanie 
of many famous professors— of Heyne, Licliteuberg, 
Blumenbach, and others. He records a joke practised 
on the professor of geology which had serious conae- 
qiiences. The students were rather bored by the pro- 
fessor's compelling them to go with him to collect 
' petrifactions ; ' and the young rogues, says Young, ' in 
revenge, spent a whole winter in counterfeiting apeci- 
naens and buried them in a hill which the good man 
meant to explore, and imposed them upon him as the 
most wonderful luaua naturw,' Peacock adds the 
remark that the unhappy victim of this ' roguery ' died 
of mortification when the imposition was made known 
to him. 

Before taking his degree, it is customary for the 
student in German UniversitieB to hand in a diasertation 
written by himself. This is circulated among the 
Professors and is followed by a public disputation. On 
July 16, Young did battle in the Auditorium, the sub- 
ject chosen for discussion being the human voice. He 
acquitted himself creditably, was complimented by 
those present, and received his degree as doctor of 
physic, surgery, and midwifery. In the thesis chosen 
for discussion, Young broke ground in Those studies on 
Bound which, for intrinsic merit, and suggesting as they 
did his subsequent studies on light, will remain for 
ever famous in the history of science. During a pause 
in the lectures he visited the Hartz Mountains, making 
himself acquainted withthe scene of Goethe's Walpur- 
gisiiaoht on the summit of the Broeken. Wedgwood 
and Leslie accompanied him on this tour. The curious 
fossils dug up by the young men in the Unicorn's Cave 
at Schwarzfeld excited curiosity and wonder, but new 
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thing more. Their Bignificance at tbat time hafl not 1 
been revealed. Hearing Kant bo much spoken of in I 
Germany, Young naturally attacked the 'Critique of j 
Pure Reason,' but his other studies prevented him fvoi 
devoting much time to the Critical Philosophy. To I 
the portion of it which he read he attached no high ^ 
value. He admitted Kant's penetration, but dwelt \ 
upon his confusion of ideas. The language of thefJ 
' Critique ' he thought unpardonably obscu 

He visited Brunswick, where, clothed in the proper ] 
costume, be was presented at Court, After the recep- j 
tion came a supper, about twenty ladies sitting on one 1 
side of a table, and twenty gentlemen on the other, f 
He endeavoured to converse with his neighbour, but I 
foutjdhimeither sulky or stupid. The dowager duchess,- 1 
whom he likened to a spectre, made her appearance I 
and began to converse pleasantly. When told tbat J 
Young had studied at Gottingen, and tbat he wag aM 
doctor of medicine, she asked hina whether he could C 
feel a pul?^e, and whether the English or the Gennana'l 
had the best pulses. Young replied tbat he had felt I 
but one pulse in Germany — the pulse of a youug lady, f 
and that it was a very good pulse. Gottingen was then I 
the foremost school ofhorsemanship in Europe, Young] 
was passionately fond of this exercise, and there weiel 
no feats of horsemanship, however daring or difficult^J 
which he did not attempt or accomplish. His muscu-tj 
lar power had been always remarkable, and he couU 
clear a five-barred gate without touching it. Ht v 
better known among the students for his vaulting on dl 
wooden horse than for writing Greek. At a Con 
masquerade he appeaied in the character of harleqniSj 
which gave him an excellent opportunity of eshibitinfflj 
liis personal activity. Notwitli standing all this, he dia 
not quite like his life in Gottingen. The professoia a 
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tke Umvemtj were worked too h&rd to leave much 
tune for tJie nacepdoiu and social gatberings in which 
Yoong delighted. So he quitted Gottingea oa August 
28, * with as little regret as a man can leave any place 
where he has redded uioe montlis.* 

From Gottingen be walked to Cassel, and theuce hy 
Ootha, Erfurt, Weimar, and JeDa,to Leipzig. He aair 
eveiythiDg which to bim waa worth Beeing, and as he 
carried letlets of intruduction from the most emineot 
men of the age, he was welcomed everywhere. Most 
of the prufesBora were absent on their holiday, but at 
Weimar he convereed with Herder, who, thoi^h well 
vereed in the Englitsh poets, cared nothing, it was said, 
about rhyme. At Jeria lie found Biituier, who, at the 
age of eighty-three, was about to begin the publication 
of a general dictionary of all existing languages. He 
visited Drci^en, the Saxon Switzerland, and the mines 
of Freiberg. Here he made the acquaintance of the 
celebrated Werner. From Freiberg he went to Berlin, 
where be dined twice with the Koglisb Ambassador, 
Lord Elgin, and once with Dr. Browu, a Welsh pbysi- 
tian in great favonr witb the King. Over the mono- 
tonous sandy flat that lies between the two cities he 
journeyed from Berlin to Hamburg. Detained here for 
a time by adverse winds, he was treated with great 
hospitality. 

One word la conclusion regarding the German 
schools of learning. Germany is now united and strong; 
her sons are learned, and her prowess is proved. But 
the units from which her blended vigour has sprung 
ought not to be forgotten. These were the little 
principalities and powers of which she was formerly 
composed. Each of them asserted its individuality 
and independence by the establishment of a local Uni- 
versity, and all over Germany, in consequence, such 
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inslitutiona are eown broadcast. In these DUTBorisB ofl 
mind and body, not only Bismarck and Von Moltke, I 
biit numbers of the rank and file of the German Army, 
found nutriment and discipline; bo that although, as 
long as her principalities remained separate, Germany 
as a whole was weak, the individual action of those 
small States educated German men so as to make theoi J 
what we now find them to be. 



Two epochs of Youtig's career as a medical students 
have been now referred to — his residence in Edinburgh, 1 
and his residence at Gottingen. Immediately after hit 1 
return to England he became a fellow-commoner of 1 
Emanuel College, Cambridge, When the master otM 
the college iDtTOduced him to those who were to be hi» C 
tutors he jocularly said, ' I bare brought you a pupill 
qualified to read lectures to his tutors.' On one.] 
occasion, in the Combioation Room, Dr. Parr mado'l 
some dogmatic observation on a point of scholarship. J 
' Bentley, sir,' said Young promptly and firmly, 'wagl 
of a different opinion,' ' A smart young man that,' J 
said Parr when Young quitted the room. His lack o£fl 
humour and want of knowledge of popular literature I 
sometimes made him a bntt at the dinner-table, but J 
he bore the banter with perfect good humour. Theil 
materials for Young's life at Cambridge are veiyW 
scanty ; but there is one brisk and energetic letteTj.] 
published by Dean Peacock, written by a man who was 
by no means partial to Young. ' Yoimg,' he said, 
beforehand with the world in perceiving the defects oE 
English mathematicians. He looked down upon thai] 
science, and would not cultivate the acquaintance otm 
any of our philosophers. He seemed never to bavO'f 
heard the names of the poets and literary characters o 
the last century, and hardly ever spoke of EogUabJ 
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literature.' According to Peacock's correspondent, there 
was about Young no pretence or assumption of supe- 
riority. 'He spoke upon the most difficult subjects as 
if he took it for granted that all understood the matter 
as well as himself. But he never spoke in praise of any 
of the writers of the dny, and could not be persuaded 
to discuss their merits. He would speak of knowledge 
in itself — of what was known or what might he known — 
but never of himself or of any one else as having dis- 
covered anything, or as likely to do so. His language 
was correct, his utterance rapid, but his words were not 
those in familiar use, and he was therefore worse calcu- 
lated than any man I ever knew for the communication 
of knowledge.' This writer heard Young lecture at the 
Royal Institution, but thought that nothiog could show 
less judgment than the method be adopted. 'It was 
difficult to say bow he employed himself at Cambridge. 
He read little ; ' there were no books piled on hia floor, 
no papers scattered on bis table. His room had all the 
appearance of belonging to an idle man. He seldom 
gave an opinion, and never volunteered one; never laid 
down the law like other learned doctors, or uttered 
sayings to be remembered. He did not think abstract- 
edly. A philosophical fact, a difficult calculation, an 
ingeniui^ instrument, or a new invention, would en- 
gage his attention; hut he never spoke of morals, or 
metaphysics, or religion. Of the last, I never heard 
him say a word. Nothing in favour of any sect, or in 
opposition to any doctrine.' 

The impression made upon Young by Cambridge 
was, from fiist to last, entirely favourable. In those 
days, six years' study was indispensable before the 
degree of Bachelor of Medicine coidd be taken. Young 

' Criticfl and commenbatora mnst be great readcre j bnt ereaior* 
In Bcience and philosophf do not alvrayu beloog to tbia cktcgcry. 
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graduated in 1603, when he wag thirty years of «£;»»' 
and five years more had to elapse before he could 
take the degree of M.D. Meaowhile he had begun tha 
practice of medicine. Dr. Brocklesby died in 1797, 
on the night of a day when he had entertained his 
relative and some other frienda at dinner. During 
dinner he seemed perfectly well, but he expired a few 
minutes after he went to bed. He left Young hid 
houBe and furniture in Norfolk Street, Park Lane, hi? 
Iihrary,hi8 prints, a collection of pictures chiefly selected < 
by Sir Joshua Reynolds, and about i0,O00i. in money. 

The Wave Theoht. 

On January 16, 1800, Young communicated to the 
Royal Society a memoir entitled 'OutlineB and Ex- 
periments respecting Sound and Light,' In this paper 
he treated of the ' interference ' of sound, and hia r 
searches on this subject led him on to the discovery of -j 
the interference of light — ' which has proved,' says , 
Sir John Herschel, 'tlie key to all the more abstruse i 
and puzzling properties of light, and which would alone J 
have sufficed to place ita author in the highest rank of 1 
scientific immortality, even were hia other almoat in- ] 
numerable claims to such a distinction disregarded.' | 
Newton considered the sensation of light to be aroused J 
by the impinging of particles, inconceivably minute, | 
against the retina. Huyghens, on the contrary, sup- 
posed the sensation of light to be aroused by tha I 
impact of minute waves. Young favoured the theory 1 
of undulation, and by hia researches on sound he wna J 
i^peoiallj eqiiipped for its thorough examination. Before'! 
he formally attacked the subject he gave, in a paper I 
dealing with other matters, his reasons for espousing J 
the wave theory. The velocity of light, for instanof,! 
\n the same medium is constant. All refiactions i 
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Httended with partial tefleotion. The dispersion of 
light ia no more incompatible with this than with any 
othei' theory. Reflection and refraction are equally 
explicable on both Euppositione. Huyghens indeed 
bad proved this, and much more. Inflection may be 
better explained by the wave theory than by its rival. 
The colonra of thin plates, which are perfectly unin- 
telligible on the common hypothesis, admit of complete 
explanation by the wave theory. In dealing with tbe 
colours of thin films, of which the soap-bubble offers 
a familiar example, Young first proved his mastery 
over the undulatory theory. In the pursuit of thia 
great task he was able to apply to Newton's Theory 
of Fits the Theory of Waves, and to determine the 
lengths of the undulations corresponding to the dif- 
ferent colours of the spectrum. 

We now approach a phase of Young's career which 
more specially concerns us. The Eoyal Institution, 
as already stated, was founded by Count Eamford, sup- 
ported by many of the foremost men in England. Tbe 
King was its patron, the Earl of Winchilsea its first 
president, while Lord Morton, Lord Egremont, and Sir 
Joseph Banks were its vice-presidents. On January 13, 
1800, the Eoyal Seal was attached to the charter of the 
Eoyal Institution. Dr. Thomas Garnett was appointed 
Professor of Natural Philosophy and Chemistry. During 
his previous residence in Eavaria, Rumford haii ruled 
with beneficent but despotic sway, and the habit of 
mind thus engendered may have made itself felt in 
his behaviour to Dr. Garnett. At all events, they did 
not get on well together. Oa February 16, 18UI, Davy 
was appointed Assistant Lecturer in Chemistry, Direc- 
tor of the Chemical Laboratory, and Assistant Editor 
of the Journals of the Institution. The pjst of Pro- 
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feasor of Niifcural Philosophy was offered to Young, and 
he accepted it. The salary was to be ZOOl. a year. Oa 
August 3, ISOl, the following resolution was passed : — 
'Resolved, that the Managers approve of the measi-jres 
taken by Count Rumford, and that the appointmeut of ' 
Dr. Young be confirmed.' Young, it ia said, was not 
successful as a lecturer in the Institutiou, and this 
Dr. Peacock ascribi'S to his early education, which gave 
him no opportunity of entering into the intellectual 
habits of other men. More probably the defect was 
due to a mental constitution, not plastic, Uke that of i 
Davy or Faraday, in regard to eiposition. Young now 
fairly fronted the undulatory theory of light. Before 
you ia some of the apparatus he employed. I hold in 
my hand an ancient tract upon this subject by the 
illustrious Huyghens. It was picked up on a book- 
stall, and presented to me some years ago by Professor 
Dewar. In this tract Huyghens deals with refraction ■ 
and reflection, giving a complete esplanation of both ; 
and here, also, he enunciated a principle which now 
bears bia name, and which forms one of the foundation- 
Btonea of the imdulatory theory. 

The most formidable obstacle encountered by Young, 
and one which he never entirely surmounted, was an 
objection raised by Newton to the assumption of a fluid 
medium as the vehicle of light. Looking at the waves 
of water impinging on an isolated rock, Newton ob- , 
served that the rock did not intercept the wave motion,, 1 
The waves, on the contrary, bent round the rock, and ' 
set in motion the water at the back of it. Basing 4 
himtelf on this and similar observations, he says, 'Are J 
not all hypotheses erroneoua in which light ia suppos 
to consist of a pression or motion propagated through 1 
a fli id medium ? If it consisted in pression or motion, { 
it would bend into the shadow.' He instances the cose ( 
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of the sound of a bell being heard behind a, hill which 
conceals the bell ; of the turning of corners by sound ; 
and then, with conclusive force, he points to the case of a 
planet earning between a fixed star and the eye, when 
the star is completely blotted out by the interposition 
of the opaque body. This, Newton urged, could not 
possibly occur if light were propagated by waves through 
a fluid medium, for such waves would infallibly stir the 
fluid behind the lanet, and thus obliterate the shadow. 
Young was firmly persuaded of the truth of the 
undulatory theory. The number of riddles that he 
had solved by means of it, the number of secrets he 
had unlocked, the number of difficulties he had crushed, 
rendered him steadiest in his belief; still, he never 
fairly got over this objection oE Newton's. It was 
finally set aside by one of the most illustiious men that 
ever adorned the history of science. A young French 
officer of engineers, Augustin Fresnel, iirst really 
gi-app!ed with the difficulty and overthrew it. The 
principle of Huyghens, to which I have already re- 
ferred, is, that every particle, in every wave, acts as 
if it alone were a centre of wave motion. When you 
throw a stone into the Serpentine, circular waves or 
ripples are formed, which follow eac)i other in succes- 
sion, retreating farther and farther from the point of 
disturbance.' Fix your attention on one of these oir- 
eiilar waves. The form of the wave moves forward, 

L' ' I prove it thus, fake heed now 
lif experience, for i£ that Cliou 



Well wost thou it will make anone, 

A little roiindoll as a, cerclo, 

Peraventure as broad as a. oonercle, 

And right anone tboa shalL bcg wsle, 

That wheie oercte wil cause another whela, 

And lliat a third and bo forth brother, 

Every ccrcio causing other.' — Chatjobb's Rimaeof JIibw. 
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but the motion of its individual particles, at any mo' 
ment, is simply a vibration up aod down. Now each 
oscillating panicle ot" every moving wave, if left to itsfclf^ 
would produce a series of waves, not so high, but in otlier 
respects exactly similar to those produced by the atone. 
The coalescence of all these small waves produces 
another wave of exactly the same kind as that which 
started them. The principle that every particle of a 
wave acta independently of all other particles, white 
the waves produced by all the particles afterwarda 
combine, is, as I have said, the great principle of 
Huyghens. Taken in conjunction with the interference 
of light, first established by Thomas Young, which 
proved that when waves coalesce or combine, they may 
either support each other or neiitraliae each other, the 
neutralisation being either total or partial, according 
as the opposition of the combining waves is complete or 
incomplete — taking, I say, the principle of interterence 
in conjunction with that of Huyghens, Fresnel proved 
that although light does diverge behind an opaque 
body, as Newton supposed that it would diverge, these 
divergent waves completely efface each other, pro- 
ducing the shadow due to the tranquillity of the 
medium which propagates the light. 

By reference to the waves of'water, Young illus- 
trates, in the most lucid manner, the interference of 
the waves of light. He pictures two aeries of wav»8 
generated at two points near each other in a lake, and , 
rtaching a channel issuing from the lake. If the waves 
arrive at the same moment, neither series will destroy ' 
the other. If the elevations of both series coincide^ 
they will, by their joint action, produce in the channel > 
a series with higher elevations. But if the elevationa o£' 1 
one series correspond to the depressions of the other, 
the ridges will exactly fill the furrows, smooth wateij J 
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fn the channel being the result. * At least,' says Young, 
' I can discover no alternative, either from theory or 
from experiment. Now,' he continues, gathering con- 
fidence as he reasons, * I maintain that similar effects 
take place whenever two portions of light are thus 
mixed, and this I call the general law of the Inter- 
ference of Light.' 

Tlie physical meaning of all the terms applied to 
light was soon fixed. Intensity depended upon the 
amplitudes of the waves. Colour depended ou the 
leTigths of the waves. Two series of waves coalesced 
and helped each other when one was any number of 
complete undulations, or, in other words, any even 
number of half-undulations, behind the other. Two 
series of waves extinguished each other when the one 
series was any odd number of semi- undulations behind 
the other. But inasmuch as white light is made up of 
innunaerable waves of different lengths, such waves 
cannot all interfere at the same time. Some interfere 
totally, and destroy each other; some partially; while 
some add themselves together and enhance the effect. 
Thus, by interference, a portion only of the white light 
is destroyed, and the remaining portion is, as a general 
rule, coloured. Indeed most glowing and brilliant 
effects of coloration are thus produced. Young applied " 
the theory successfully to explain the colours of striated 
Buriiices which, in the hands of Mr. Rutherfurd and 
others, have been made to produce such splendid effects. 
The iridescences on the polished surfaces of mothei> 
of-pearl are due to the strife produced by the edges of 
the shell-layers, which are of infinitesimal thickness; 
the fine lines drawn by Coventry, Wollastou, and Barton 
upon glass also showed these colours. Barton after- 
wards succeeded in transferring the lines to steel and 
brass. Most of you are acquainted with the iridescencB 
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of Barton's buttons. A descendant of Mr. Barton hsta, * 
I believe, succeeded in reproducinpf the instrument 
wherewith hia grandfather obtained his brilliant effects. 

But tbe greatest triumph of Young in this field was , 
the explanation of the beautiful phenomenon known as 
Newton's rings. The coloure of thin plates were pro- 
fusely illustrated by the exporimenta of Hooke and 
Eoyle, but Newton longed for more than illustrations. 
He desired quantitative measurement. Tbe colour of 
tbe film was known to depend upon its thickness. Can 
thia thickness be measured ? Here the unparalleled 
penetriition of Newton came into play. He took a lens, 
consisting of a slice of a sphere of a diameter so large that | 
a portion of tbe curved surface of the lens approximated | 
to a plane surface. Upon this eltghtly convex surface he 
placed a plate of glass the surface of which was accurately 
plane. Squeezing them together, and allowing light 
to fall upon them, be observed those beautiful iris- , 
circles with which his name will be for ever identified. 
The iris-colours were obtained when he employed white 
light. When monochromatic light was used he bad , 
simply successive circles of light and darkness. Here I 
then, from the central point where the two glas 
touched each other, Newton obtained a film of air I 
which gradually increased in thickness as he retreated ^ 
from the point of contact. Whence this wonderful | 
recurrence of light and darkness ? The very constitu- 
tion of light itself must be involved in the answer. , 
His desire was now to ascertain the thickness of tba . 
film of air corresponriing to tbe respective rings. , 
Knowing the curvature of his lens, this was a matter «£ I 
easy calculation. He measured the diameter of tha ^ 
fifth ring of the series. This might he accurately di 
with a pair of fine compasses, for the diameter was over ' 
tbe fifth of an inch in length. But it was the interval 
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between the glasses corresponding to thia distance that 
Newton required to know, and this he found by calcu- 
lation to be 77-ffini'-'' of ^.n inch. Thia, be it remem- 
l>ered, ia the distance corresponding to the iifth ring. 
The interval correapondiug to the first ring would 
be only a fifth of this, or, in other words, about 
Tg^^jfth of an inch. Such are the magnitudes with 
which we have to deal before the question ' What is 
Light?' can be scientifically answered. 

Newton's explanation of the rings which he was the 
first to -discover, though artificial in the highest degree, 
is marked by his profound sagacity. He was hampered 
by the notion of the ' corporeity ' of light. He could 
not get over the objection raised by himself as to the 
impossibility of shadows in a tiuid medium. He held 
therefore that light was due to the darting forth of 
minute particles in straight lines ; and he threw out the 
idea that colour might be due to the difference of ' big- 
58 ' in the particles. He endowed these particles with 
what he called fits of easy transmission and reflection. 
The dark ringa, in his immortal experiment, were pro- 
duced where the light-pavticles were in their trans- 
missive ' fit.' They went through both surfaces of the 
film of air, and were not thrown back to the eye. The 
bright rings occurred where the light-particles were in 
their reflective fit, and where, on reaching the second 
surface of the film, they were thrown back to the eye. 
The cardinal point here is, that Newton regarded the 
recurrence of light and darkness as due to an action 
confined to the second surface of the film. And here 
it was that Young came into irreconcilable collision 
vith him, proving to demonstration that thedJirk rings 
octurred where the portions of light refiected from both, 
sides of the film extinguished each other by inter- 
ference, while the bright rings occurred where the light 
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reSected from the two guifaces coaleEced to enhnace tba 
intensity. 

Young next applied the wave theory to account for 
the diffraction or inflection of light — that is to say, the 
effects produced hy Ita bending round the edges of 
bodies. When a cone of rays, issuing from a very 
minute point, impiDgea on an opaque body, eo as to 
embrace it wholly, the shadow of the body, if received 
upon a screen, exhibits fringes of colour. They follow 
BO closely the contour of the opaque body, that Sir John 
Herschel compared them to the lines along the se-^- 
coast in a map. If a very thin slip of card, or a hair, 
be placed within such a cone, it is noticed that besides 
the fringes outside the shadow, bands of colour occur 
witliin it; the central, or brightest, band being always 
white yrheTi white light is employed. It is a singular 
and somewhat startling fact, that by the interpoaitioa 
of an opaque body, say a small circle of tinfoil, the 
point on which we should expect the centre of the 
shadow to fall is, by the joint action of diffraction and 
inteifereiice, illuminated to precisely the same extent 
as it is when the opaque circle is witbdrawn.' In refer- 
ence to the interior fringes Young made the obser- 
vation, which is of primary importance, that if you 
intercept the light passing hy one of the edges of the 
strip of card or of the hair, the fringes disappear. It 
requires the inflection of the waves round both edges of 
the object, and their consequent interference, to pro- 
duce these fringes. 

Young's attempt to explain the phenomena of dif« 
fraction was a distinct advance on the extremely arti- 
ficial hypothesis of Nenton. Still his attempt was not' 
BO successful as his explanation of the colours of striated 
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HUrraces and of thin, thick, and mixed plates. Here 
tlie young officer of engineers to whom I have ahready 
referred — Fresnel — enterpd the field. He presented id 
1815, to the French Institute, a inemoir on Diffraction 
which marks an epoch in the history of the wave theory. 
It is usual, when such a paper is presented, to refer it 
to a ' Commission,' who consider it and report upon its 
merits. The Gomviissicmnaires in this inatance were 
Arago and Prony. 

Arago had read the memoirs of Young in the 
'Philosophical Transactions,' but had not understood 
their full Bignificance. The study of Fresnel's memoir 
caused the full truth to flash upon him that his young 
countryman had been aniicipated thirteen years pre- 
viously by Dr. Young. Fresnel had re-discovered the 
principle of interference independently, and, with pro- 
found insight and unrivalled experimental skill, had ap- 
plied it to the phenomena of diffraction. It was no light 
thing for Fresnel to find himself as regards the principle 
of interference suddenly shorn of his glory. He, how- 
ever, bore the shock with resignation. He might have 
readily made claims which would have found favour 
with his countrymen and with the world at large. Bat 
he did nothing of the kind. The history of science 
indeed furni:^hes no brighter example of honourable 
fairness than that exhibited throiighoiit his too short 
life by the illustrious young Fienehman. Once assured 
that he had been anticipated — whatever might have 
been the extent of his own labours, however indepen- 
dently he might have arrived at his results — he unre- 
servedly withdrew all claim to the discovery. There 
is, I repeat, no finer example of scientific honour than 
tl:at manifested by Augustin Fresnel. 

Fresnel was a powerful mathematician, and well 
versed in the beat mathematical methods of his day. 
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With enormous labour he calculated the positions who*" 

tlie |ilienomena of interference must display themselves 
in a definite way. He was, moreover, a most refined 
experimentalist, and having made his calculations, lie 
devised instrti mental means of the most exquisite deli-* 
ciicy with the vic-,v of verifying his results. In this 
way he swept the field of diffraction practically clear oE - 
(lifticnlty, solving it« problems where even Young bad 
failed. 

Truly, these were minds possessing; gifla not pui^ 
chasable with money 1 And round about the central 
labours of each, minor achievements of genius are to be 
found, which would be a fortune to less opulent men. 
I hardly know a more striking example of Young's pene- 
tration than his account of the spurious or supernume^ 
rary bows observed within the true piimary rainbow. 
These interior bows are produced by interference. It 
is not difficult, by artificial means, to form them in 
great number and beauty. This is a subject on which 
I worked assiduously a couple of years ago.' And often, 
when looking at these wondrous interference circles, 
the words of Young seemed to me like the words of 
prophecy. The bows were the physical transcript of 
what he stated must occur; a transcript, moreover, 
which, compared with his words, was far more complete 
and impressive than any ever exhibited by the rainbow 
in Nature. Take another instance. The beautiful rings 
of colour observed when a point of light is looked at 
through the seeds ol lycopodium shaken over a piece 
of glass, or shaken as a cloud in the air, are known to 
be produced by minute particles all of the same sizew 
The iridescence of clouds seen sometimes in great 
splendour in the Isle of Wight, but more frequently in 
tlie Alps, is due to this equality in the size of the 

' See art. ' The Rainbow and its Congeners,' in (his TQlome, 
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clniid-paiticles. Now, the Bmaller the particles, the 
wider are the coloured rings, and Young devised an 
instrument, called the Er-lometer, which enabled him 
from the msiisurement of the rings to infer the size ol 
the paiticles.' Again, Eitter had discovered the ultra- 
violet rays of the spectrum, while Wollaston had 
noticed the darkflning effect produced by these rays 
when permitted to fall on paper, or leather, which had 
been dipped in a solution of muriate of silver. Employ- 
ing these invisible raja to produce invisible Newton's 
rings, Young projected an image of the rings upon the 
chemically-prepared paper. He thus obtained a dis- 
tinct photographic image of the rings. This was one 
of the earliest esperiments wherein a true photographic 
picture was produced. Young had little notion at the 
time of the vast expansions which the art of photo- 
graphy -vas subsequently to undergo. 

But Young was not permitted to pursue his great 
researches in peace. The ' Edinburgh Review ' had at 
that time among its chief contributors a young man of 
vast energy of brain and vast power of sarcasm, without 
the commensurate sense of responsibility which might 
have cliecked and guided his powers. His intellect was 
not for a moment to be measured with that of Yoimg ; 
but as a writer appealing to a large class of the public, 
he was, at that time, an athlete without a rival. He 
8' terwards became Lord Chancellor of England. Young, 
it may be admitted, had given him some annoyance, 
but his retaliation, if such it were, was out of all pro- 
p 3rtion to Young's offence. Besides, whatever his per- 

' la disordeia of tbe ejea such partluleB aometimes 
the humours, and produca virid eolonre. The enlargement of tho 
eirr.les, whiuh generally excites terror, U a gooA sign, aa it indioatM 
the iucreudng amatlness of the particles bj abaorplion. 



I 



J 



176 



THOMAS TODHO. 



eoDsl fedings were, it was not Youog that he asssHed 
to mucb as those sul'lime Datural truths of which I'oong 
ai the time was the foremost exponent. Through the 
undiilatorj theory he attacked Vouog without scruple 
or TcmoTfe. He sneered at his position io the Royal 
Institution, and tried hard to have his papers excluded 
from the ' Philcw-ophical Transactions.' ' Has the Royal 
Society,' he says, 'degraded it^ publications into bidletiiu 
of new and fashionable theories for the ladies of the 
Royal Institution ? Let the Professor continue to amose 
hia audience with an endless variety of such hannlesa 
trifles, but in the name of science let them not find 
admittance into that \ enerable repository which con- 
tains the worka of Newton and Boyle and Cavendish 
and Maskelyne and HeKchel.' The profound, compli- 
cated, and novel researches on wbich Young waa then 
engaged rendered an occasional change of view neces- 
sary. How does the reviewer interpret this praise- 
worthy loyalty to truth ? ' It is difEcult,' he says, ' to 
deal with an author filled with a medium of so £ckle 
and vibratory a. nature. Were we to take the trouble 
of refuting him, he might tell us, "my opinion i» 
changed, and I have abandoned that hyputhesia. 
But here ie another for you." We demand if the 
world of science which Newton once illuminated is to 
b** as changeable in its modes as the world of fashion, 
which is directed by the nod of a silly woman or a 

pampered fop ? We have a right to demand 

tliat, the hypothesis shall be so consistent with itself ag 
not to require perpetual mending and patching; that 
the child we stoop to play with shall be toleraUj' 
healthy, and not of the puny and sickly nature of Dr. 
Young's productions, which have scarcely stamina to 
subsist until the fmilful parent has furnished us with s~ 
new litter, to make way foi which he knocks on the 



THE WAVE THEORY. 211 

head, or mora Ijarbaroiislj exposes, the first.' The re- 
viewer taunts YouDg wifb claiming the inberitauce of 
Newton's queries, ' vainly imagining that he fulGla this 
destination by ringing changes on these hypotheses, 
Bi'guing from them as if they were experiments or de- 
monstrations, twisting them into a partial coincidence 
with the clumsy imaginations of his own brain, and pom- 
pously parading what Newton left as hints in a series 
of propositions with all ihe affectation of system.' 

To Brougham's coarse invective Young replied in a 
masterly and exhaustive letter." A single copy, and one 
only, was sold by its publisher. There were at that 
time in the ranks of science no minds competent to 
understand the controversy. The poison worked with- 
out an antidote, and, for thirteen years. Young and his 
researches on light had no place in public thought. 
His discoveries remained absolutely unnoticed until their 
re-discovery by Fresnel lifted the pall which for so long 
a time had been thrown over this splendid genius. 

Young lectured for two years at the Royal Institu- 
tion, and he afterwards threw the lectures into a perma- 
nent form in a quarto volume of 750 pages, with 40 
plates, and nearly 600 figures and maps. He also pro- 
duced at the same time a second volume of the same 
magnitude, embracing his optical and other men'oirs, 
and a most elaborate classed catalogue of works and 
papers, accompanied by notes, extracts, and calcula- 
tions. For this colossal work Young was to receive 
1,000^. His publisher however became bankrupt, and 
ho never touched the money. His lectures constitute a 
monument of Young's power almost equal to that of 
his original memoirs. They are replete with profound 
reflections and suggestions. In bis eighth lecture, on 
' Collision,' the term energy, now in such constant use, 
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wu first introduced and defined. Bv it he ma able ta 
Kvoid, and enable us to avoid, the confusiun which had 
crept into scientific literature by the incautious em- 
ployment of the word force. Further, the theory now 
known as the Youug-Helmhoilz theory, which refers all 
the sensations of colour to three primary sensaticDS— 
red, green, and violet — was clearly enunciated byToimg 
in his thirty-eeventh lecture, on 'Physical Optics.' Hia 
views of the natiire of heat were original and correct. 
He r^arded the generation of heat by friction as an 
unanswerable confutation of the whole doctrine of 
material caloric. He gave appropriate illustrations 
of the manner in which he supposed the molecules of 
bodies to be shaken asunder by heat. 'All these 
analogies,' he says, 'are certainly ^vourable to the 
opinion of the ribratory nature of heat, which has been 
sufficiently sanctioned by the authority of the greatest 
philosophers of past times and by the most sober 
reasouerg of the present.' In anticipation of Dr. Wells, 
Yoong had obseryed and recorded the fact, that a cloud 
passing over a clear sky sometimes causes the almost 
instantaneous rise of a thermometer placed upon the 
ground. The cloud he assumed acted as a vesture which 
threw Imck the heat of the earth. Badiant heat and light 
are here placed in the same category. William Herschd 
had already shown their kinship, by proving that the 
most powerful rays of the sun were entirely non-lumi- 
nous. Subsequent to this, the polarisation of heat, by 
Principal James Forbes, rendered yeoman service in the 
propagation of the true faith. 

Young's essay on the ' Cohesion of Fluids ' is to ba 
ranked amongst the most important and difficult of hia 
labours. It embraced his views and treatment of the 
subject of capillary attraction. But as this topic is to 
be treated here next week by a spirit kindred to that (rf 



I 



THE WAVE THEOET. 



279 



young himself,' I may be excused for Baying Qothiog 
more about it. The essay drew Young into a con- 
troversy with the illustrioua Laplace, in which I be 
Englishman exhibited that scimitar-lilie sharpness of 
pen which more than oiice had drawn him into con- 
troversy. 

Young resigned his post at the Royal Institution, 
believing that devotion to work alien to bis profession 
would be Buro to injure hia prospects as a physician. 
In the Slimmer of 1802 he visited Paris, and at one 
of the meetings of the Academy was introduced to the 
First Consul. In March 180U, be became M.B. of Cam- 
bridge — six years after entering the University — while 
five years more had to elapse l)efore be was able to take 
the degree of M.D. In June 1804, be married Miss 
Eliza Maxwell, the daughter of J. P. Maswell, Esq., of 
Trippendence, near Farnborougb, in Kent. 

As regards medical practice. Young, to he a popular 
physician, was probiibly too cool and cautious in the 
examination of bis data, and trusted too little to the 
lancet and the calomel invoked in the vigorous prac- 
tice of Lis time. After a somewhat streDuous contest 
be was appointed Physician to St. George's Hospital. 
The appointment was a strong proof of the esteem 
in which he was held. His lectures, however, were not 
BO well attended as those of his colleagues, for be lacked 
the warmth and pliancy which usually commend a 
lecturer to young men. Young's medical works, em- 
bodying the results of great labour and research, were 
received with high consideration and esteem. 

Uy the force of his sarcasm and the glamour of hia 
rhetoric, Brougham bad succeeded in inflicting a serious, 
if not an irreparable, wound on the science of big 
> Sii William ILomaon. 
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country. Afler Young'B crushing reply, which produced 
1)0 effect whatever upon the puhUc, the author of that 
reply was practically forjjottten as a factor in the ad- 
vannement of physical optics. But science has always 
liefore her the stimiiluB of natural problems demanding 
solution, and after a temporary lull the desire to Know 
more of the nature of light grew in force. New stara 
arose in France, while the strenuous industry and ex- 
perimental discoveries of Brewster did much to hold na 
in equipoise with the Continent. In Paris, Laplace, 
Malus, Biot, and Arago were all actively engaged. The 
first three proceeded strictly on Newtonian linei), and 
by the memoir of Laplace on Double Refraction all 
antagonism to the theory of emission was considered to 
he for ever overthrown. In the 'Quarterly Review,' 
Young criticised this memoir with sagacity and power, 
and his criticism remains valid to the present time. 
In accordance with the principles of the wave theory 
Huyghenshad given a solution of the problem of double 
refraction in Iceland spar. The solutiun was opposed 
to that of Laplace. Dr. WoUaston, a man of the 
highest scientific culture and the most delicate experi- 
mental skill, subjected the theory of Huyghena to the 
severest metrical tests, and his results proved entirely 
favourable to that theory. Wollaston, however, lacked 
the boldness which would have made him a commander 
in those dajs of scientific strife. He saw opposed to 
him the names of Newton and Laplace, and in the 
face of such authority he shrank from closiog with the 
ooncliisioos to which his own experiments so distinctly 
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We now come to a critical point in the fortunes of 
the wave theory. I need not again refer to the differ- 
ence between the motion of a wave and the motions of 
the particles which constitute a wave. A wave of 
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■ound, for inBtaoce, parsing throug}i the air of this 
room would have a velocity of about 1 ,100 feet a Bccond, 
while the particles which constitute the wave, and pro- 
pagate it at any moment, may only move throiig-h in- 
conceivahly small spaces to and fro. Now, in the case 
of Bound, this to-and-fro motion occurs in the di/rection 
in which the sound is propagated, and a little reflection 
will make it clear that no matter how a ray of sound, 
if we inay use the term, is received upon a reflecting 
surface, it will be reflected equally all round as long 
as the angle inclosed between the reflecting surface and 
the ray remains unchanged. In other words, the sound- 
ray has no Bides and no preferences as regards reflec- 
tion. Now Malua discovered that in certain conditions 
a beam of light shows such preferences. When caused 
to impinge upon a plane glasa mirror, placed in a cer- 
tain position, it may be wholly reflected ; whereas when 
the mirror is placed in the rectangular position it may 
not be refected at all. 

Up to the hour when this discovery was made by 
Malus ligt't had been supposed to be propagated through 
ether, eswtly as sound is propagated through air, la 
other words, the direction in which the particles of 
ether were supposed to vibrate to and fro coincided 
with th8^ of the ray of light. Tliose who had pre- 
viously held the undulatory theory were utterly stag- 
gered by this new levelation, and their perplexity waa 
shared by Young. He was for a time unable to con- 
ceive of a medium capable of propagating the impulses 
of light in a way different from the propagation of the 
puiaes of sound. To ascribe to the light-medium 
qualities which would enable it to differ in its mecha- 
nical aetitin from the Bound-medium was an idea too 
bold — 1 might indeed say too repiignant — to the scien- 
tific mind to be seriously entertained. Yet, deeply 
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pondering the question, Young was at length forced to 
the conclusion thiit the vibrations concerned In the pro- 
pagation of light were executed at right angles to tlie 
direction of tlie ray. By this assumption of transverse 
vibrations, which removed all difficulty. Young aim 
removed the ether from the class of aeriform bodies, 
aud endowed it with the properties of a semi-solid. 

Fresnel'a memoir on Diffraction, upon which, as 
already stated, Arago had reported, initiated a lasting 
friendship between the two ilhistrioua Frenchmen. 
They subsequently worked together. Fresnel, the 
more adventurous and powerful spirit of the two, came 
independently to the same conclusion that Young had 
previously enunciated. But so daring did the idea of 
transverse vibrations appear to Aiago — bo inconsistent 
with every mechanical quality whieb he could venture 
to assign to the ether — that he refused to allow hja 
name to appear in conjunction with that of Fresnel on 
the title-page of tlie memoir iu which this heretical 
doctrine was broached. Still, the heresy has held 
its ground, and the theory of transverse vibrations, 
as applied to the luminiferous ether, is now imiver* 
sally entertained. 

Fresnel died in the fortieth year of his age. 

Allow me to wind up this section of our labours ty 
reference to a German estimate of Young's genius. 
' His mind,' says Helmholtz, ' was one of the most pro- 
fotmd that the world has ever produced; but he had 
the misfortune of being too much in advance of his age. 
He excited the wonder of his contemporaries, who, how- 
ever, were unable to rise to the heights at which his . 
daring intellect was accustomed to soar, His most im- 
portant ideas lay, therefore, buried and forgotten in the 
folios of the Koyal Society, until a new generaliou 
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gradually and painfully made the same discoveries, 
proving the truth of hia assertions and the exactness 
of bis demonstrations.' 

NOTB ON EnEBOT. 

The passage in which Young introduces and defines 
tlie term energy ia so remarkable that I venture to re- 
produce it here. 

' The tei'm energy may be applied, with great pri>- 
priety, to the product of the mass or weight of a body 
into the square of the number expressing its velocity. 
Thus, if a weight of one ounce moves with a velocity ot 
a foot in a second, we may cal! its energy 1 ; if a second 
body of two ounces have a velocity of three feet in a 
second, its energy will he twice the square of three, or 
18. This product has been denominated the living or 
ascending force, since the height of the body's vertical 
ascent is in proportion to it ; and Korae have considered 
it as the true measure of the quantity of motion ; but 
although this opinion has been very universally rejected, 
yet the force thus estimated well deserves a distinct 
denomination. After the considerations and demonstra- 
tions which have been premised on the subject of forces, 
there can be no reasonable doubt with respect to the 
true measure of motion ; nor can there be much hesita- 
tion in allowing at once that since the eame force, con- 
tinued for a double time, is known to produce a double 
velocity, a double force must also produce a double 
velocity in the same time. Notwithstanding the simpli- 
city of this view of the subject, Leibnitz, Smeaton, and 
many others, have chosen to estimate the force of a 
moving body by the product of its mass into the square 
of its velocity; and though we cannot admit that this 
estimation of force is just, yet it may be allowed that 
many of the sensible effects of motion, and even the 
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advaotflge of any mechanical power, however it may hm 
employed, are u^unlly proportional to this product, or 
to the weight of the moving body, multiplied by tlia 
height from which it must have fallen in order to 
acquire the given velocity. Thus, a buUet moving wilh 
a double velocity will penetrate to a quadruple depth 
in clay or tallow; a Ml of equal size, but of one-fourth 
of tlie weight, moving wilh a double velocity, will pene- 
trate to an equal depth ; and, with a eroaller quantity 
of motion, will make an equal excavation in a ehortei 
time. Tbia appears at first Eight somewhat paradoxical ; 
but on the other hand we are to consider the resistance 
of the clay or tallow as a uniformly retarding force, and ^ 
it will he obvious that the motion, which it can destrojf'l 
in a fihort time, must be less than that which requirea'1 
a longer time for its destruction. Thus also when the 1 
resistance opposed by any body to a force tending to I 
break it is to be overcome, the space through which it I 
may be bent before it breaks being given, as well aa J 
the force exerted at every point of that space, the power J 
of any body to lireak it is proportional to the energy of ^ 
its motion, or to its weight multiplied by the square of ■ 
its velocity.' J 

\_Thefm-egmng E'taywiu prepared ivith the viero iiT giving U^^'l 
viefberi qfthe Eoyal Imtitidion tome nation of a matiregiwdingiPhitWiM 
tuany of them kjiem but liflle. Itried ai the tame time to dram vp tf4 
Iricf aooount rjf Young'i labmiri mi the HicTBglyphici ef Egypt. Th»^ 
luhjeet Jay far apart from my usual Itndies, and tkii fact, ahj'IimPS 
Kith my anxiety to aiald ojfenee tn dealing teit/t the relatiomhiii t^9 
Young and ChampoUioH, tAreiv vpan mo an, oninust <if wm'k to ivMnfl 
tny keaUh at the time maa unequat. Though not ineludfd in (nH 
A'ldreu dtlirereil to the membeTl, thU aceoimt teat paijiriaf fa <liW 
* I'Toeeedinga of the Reyal Inititiition.' Detptta itt inadeguaeg 1^| 
giva any jttit notion (if the magnitude of Timng't lahonrtin thii tui^B 
liovlar Jield, the reeord if hit aahievemeitt mill be rendered ouwrJ 
tempkle bf ill intTodHOtioa Actt.] J 
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IIlEnOGLTPIIICAL ReSEABCHES. 

Young's capacity and acquirements in regard to 
languages have been already gLmeed at. As a classical 
scholar hia reputation waa very hiyh. His Greek calli- 
gi-aphy was held to vie in elegance with that of Person. A 
man so rounded in his culture could hardly be said to liava 
an intellectual bent ; but if he had one, the examina- 
tion and elucidation of ancient manuscripts must have 
fallen in vrith it. It is quite possible, however, that, 
had lie not been disheartened by the apparent success 
of Brougham, he would have clung more steadfastly to 
physical science. However tbis may be, we now find 
Lim in a new field. In October 1752 the first rolls of 
the papyri of Herculaneum, wearing the aspect of 
blackened roots, were discovered in what appeared to be 
the library of a palace near Portici. They had been 
covered to a depth of 120 feet with the mixed ashes, 
sand, and lava of Vesuvius. The inscriptions were for 
the most part written in Greek, but some of them were 
in Latin. The leaves were carbonised and hard, being 
glued together by heat to an almost homogeneous mass. 
Learned Italians bad devoted great labour and ingenuity 
to the separating of the leaves and the deciphering of 
the inscriptions. To the credit of the Prince of Wales, 
afterwards George IV,, let it be recorded that he 
manifested from the first an enlightened, liberal, and 
truly practical interest in these researches. He wrote 
to the Neapolitan Government, oEFeriDg to defray all 
the expenses of unrolling and deciphering the papyri ; 
and he sent out Mr. Hayter, a classical scholar of 
repute, to act as co-director with Rossini in the super- 
intendence of the work. Mr. Hayter appears to have 
b^n unequal to the task committed to him. His trans- 
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latioEU were derective ; tbe gaps were serions staA ' 
numerous; and be finally abaodoned the manascriptB 
wheD be fled from Naples, with the royal family, on 
the French invasion in 1806. Some of the rolls, which 
bad been presented to the Prince of Wales, were con- 
niitted to the care of the R.iyal Society, and placed by 
the Society in the hands of Dr. Young. He spent manj 
months in devising and applying meaos for the openiii<^ 
of the leaves ; and though only partially gnccessfiil in. 
this respect,' be was able to correct many important i 
errors, and to fill many serious gaps in the work of his [ 
predecessors. 

The 'Quarterly Review' was established in 1809f 
and YouDg was intimate with its leading contributorEU I 
One of these, George Ellis, ' a man of ardent afTectiom,* 
had resented, almost as personal to himself, the attacla 
on Young in the ' Edinburgh Review,' and Young's pen j 
was soon invoked to enrich and adorn the pagLS of itaj 
rivaL A great work, the ' HercUlanensia,' on the ancient I 
condition of Herculaneum and its neighbourhood, had 1 
been published. The review of this work was com- J 
mitted to Young, and his article upon it, embodying j 
his own views and researches, was published in 1810. j 
' The appearance of the article,' saya Peacork, * equally J 
remarkable for its critical acuteuess and vigorous writ" J 
ing, at once placed its author, in the estimation of tbfll 
public, in the firot class of the Bcholara of the age.*'f 
Gifford, the editor of the 'Quarterly,' described thei 
article as 'certainly beyond all praise.' Ellis, at ths J 
i-ame time, wrote thus to Young : — ' It is a conaolatioa"! 
to know that Brougham, who took advantage of the I 
growing circulation of the ' Edinburgh Re\'iew ' to dia- ] 



' Pnvj attetwartls tried hia himd upon the rolls, 
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Beminate his vile abuse of you ; and Jeffrey, who per- 
mitted liim to do so, should be condemned to hear your 
praises upon all sides.' The tide had clearly turned in 
Young's favour, even prior to hia final and triumphant 
vindication by Fresnel. From this time forward in- 
scriptions of all kinds were sent to Young for discussion 
or interpretation. They were found in numbers among 
liis papere^ after his death.' 

It ivaa a mind thus endowed and disciplined that 
now turned to the formidable but fascinating task of 
deciphering the hieroglyphics of Egypt. An adum- 
bration of his researches, which must, under the cir- 
cumstances, he weak and faint, I will endeavour to bring 
before you. 

The famous Bosetta stone was discovered' by tlia 
French in Egypt in 1799. It bore three inecriptiona : 

' 'In the Appendix,' Bays Tonng'a biographer, 'to Captain 
Light's Travels in Egypt, Nubia, Palestine, and Cyprus, he fnrniBheci 
IrEinElattonB and restorationB oFseTeral Greek iascdptions; and when, 
liarrow gave an account in the Qiiarterl]/ Ituviem ol recent ceseaichea 
In Bgrpt, more especially those of Caviglia on the Great Sphins, it 
W.18 from Young that he obtained the restoration of the inscription 
on the second digit of the great paw.' In the thlrdvolame of Young's 
Works, this inBcription, taken from the nineteenth volnme of the 
Qna/rterly Bevieir, is given, with translationa into modem Greek, 
Latin, and English. The last-mentioned mus thns : — 
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Thy form stupendous here the gnds have placed, 

Sparing each spot of ha^ye^t-be.^ri^g land ; 
nd with this mighty work of art have graced 

A rocky isle, encumber'd once with sand ; 

And near the PyraJnidB have bid thee stand ; 
Not that fierce Sphins that Thebes erewhile laid wa 

But great Latona's servant mild and bliLnd ; 
Watching that prince beloved who filjs the throne 
Of Egypt's plains, and calls the Nile his own. 
That heavenly monarch [who his foes defies]. 
Like Vulcan powerful [and like Pallas wise].' 



the fint, HJCTag^rpfcieJ or Boed; i 
eborial ' — a noae grroi bf Tovi^ to tbe a 
gnage employed bjthe EgyptiuH ia the t 
Ptolemies; and tlie thinl, Greek. Attbecadsmg 
the fiiOoving c&cctiaBB : — * Wliat » hoe deoced ii 
be cngiATcd on > Mock of hard sCooe^ in MutJ, i 
natJTe, and in Greek diameter^ and idarad in each 
tei^rie of the fint and aeeoikd aad thiid gods.' AD 
tbree inaeiipdoiia were nore or lea mutilated and 
e&ced when the stooe was diaeoreied. Fuoob and 
Heyne had, bowerer, niceeeded in almost eompletelj' 
restoring the Greek one. It had been a cnstom with 
Young to pay an annual viait to Worthii^ and to 
panue there for a portion of the jear his practice aa 
a phyiician. The SocJety of Antiqaaries had caused 
copies of the three inscriptioiis of the Bo^tta sEnoe to 
be made and publiiihed. In the smnmer of 1814 
Yoiiog took all of them to Worthing, where he sab~ . 
jected them to a severe comparative eiaminatioa. 

EaroQ Sylvestre de SacT, an eminent Orientalif^J 
had discovered in the native Egyptian certain gmapi 
of characters anaweiiDg to proper names, while J ~ 
blad, a profound Coptic scholar, bad not only added ta^ 
the nvunber, but attempled to establish an alpfaabt 
angweriog to the native Egyptian inscription, Voin^l 
took Qp the researches of these distinguished i 
far as they could be relied on. A.'suming all three i 
^criptiona to express the same decree, one of them beinj 
in a language known to scholars, it was inferred bjl 
Yonng that a strict cotnpiirison of line with line, wordi 
with word, and character with character, would leadl 
him by the sure n3eth-.d of science from the known tol 

■ Called in the Greek ' Ebghobia osahuata,' or letleia of tba | 

countr;. Yonag deprecaies tbe introd action, afterwards, hj C 
poUion, of tbe term > DEUuTlc.'oipopalar. 
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the unknown. He rapidly passed bis predecessors. De 
Sacy had determined three proper names in the Egyp- 
tian j Akerliliid nine others, and five or six Coptic 
words; while Y'ouug, soon after, detected the rudiments 
of fifty or sixty Coptic words, which, however, formed 
but a very email fraction of the whole inscription. 

Here an unexpected stiimhling-hlock was en- 
countered. The effort of Akerblad to reduce ihe whole 
Enchorial inscription to Coptic had failed,' and it soon 
became evidentto Young that every such attemptmust 
of necessity fail. His conviction and its grounds are 
fiwt mentioned in a letter to Mr, Guruey, written in 
August 1814. 'I doubt,' he writes, 'if it will be ever 
possible to reduce much more of it to Coptic, especially 
. aa I have fully ascevtaitied that some of the characters 
are hiero'jlyph'cs.' Aa bearing upon the derivative 
origin of the Enchorial inscription, the discovery here 
anoouoeed is obviously of the highest importance. 
Young continues t * I have, however, made out the sense 
of the whole sufficiently for my purpose, and, hy means 
of variations from the Greek, I have been able to effect 
acomparisoa with the hieroglyphics which it would have 
been impossible to do satisfactorily without this inter- 
mediate step,' In a letter to the Archduke John of 
Austria, dated August 2, 1816, Young announced that 
he had ' now fully demonstrated the hieroglyphical 
origin' of the Enchorial inscription.' 

' ■ Notwithstanding this f ailnre, Lis name,' aajs Peacock, ' should 
ever be held in hoQonr t» one of tbe founderfl of oni knowkd^e 
];gyptiaD literature, to tbe investigntion of which he broaght 
■uuUl amount of patient labour and philological learning'.' 

• 'The same discovery,' eaya the editor of the third volume of 
Tonng'a Works. ■ was acnonnoed bj M. Champollion, a^ 1 
Ilia memoir, De I'Eeriture Biiraiiqiu de$ JnrifTW Kgypiimti, pub- 
lished at Grenoble in 1821 This memoir contained ae vera] 

plaLes in which tbe hieroglyphic and hieratic characters 
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' I had thought it necessary,' saya Young, to an 
essay written to clear tlie air on this and various other 
points some years afterwiirds, ' to make myself in some 
measure familiar with the remains of the old Egyptian 
language as they are preserved in the Coptic and The- 
baic versions of the Scriptures ; and I had hoped, with 
the assistance of this knowledge, to be able to 6nd an 
alphabet which would enable me to rf ad the Enchorial 
inscription, at least into a kiudred dialect. But in the 
progress of the investigation I had gradually been com- 
pelled to abandon this expectation, and to admit the 
conviction that no such alphabet would ever he dia- 
covered, because it had never been in existence. I y 
led to this conclusion.not only by the un tract able nature' j 
of the inscription itself— wliich might have depended on 1 
my own want of information and address — but still mcwa-.1 
decidedly by the manifest occurrence of a multitude of a 
characters which were obviously imperfect imitationB' 1 
of the more intelligible piclures that were observahlo 1 
among the distinct hieroglyphics of the first inscrip-'l 
tion, such as a priest, a statue, a mattock, or plough,-! 
which were evidently, in their primitive slate, delineftwa 
tions of the objects intended to be denoted by them,. J 
and which were, as evidently, introduced among thai] 
Enchorial characters.' 

Young, as we have seen, had begun his '.abours o 

pared, on the same plan as Dr. Yonng-'s Hpecimena in the EiugBb^ i 
jia-dia Britannica, published in 1819. He sent a copy ol them t» Jj 
Di Voung, but withheld the letterpress. Dr. Yoang according] j. 4 
reitained for several years nnder the impression that thia work h ~ 
been published at a raadi earlier period. Writing to Sir TOUU 
Oell in 1827 in reference to this point, Young remark* : ' I nei 
knew tiil now how much later hia publication was, for he gftvo it 
me without the teit.' The publication was Champollion'a Cowi^M 
paratire TnbU t^ Hi^oglypliict, ' containing,' sajB To nag, ' what { j| 
had published in 1816,' live yeare earlier. 
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the Rosetta stone in May 1814. In the month of 
August he waa able to annouDce to Mr, Gurnej his 
discovery that some of the Enchorial characters were 
hieroglyphics. Prior to Young, no human being had 
dreamt of the transfer of the characters of the first 
inscription to the second. The first was pictural and 
symbolic ; the second, to all appearance, a purely alpha- 
betical rim ning- hand. It had always been regarded aa 
such. By meana of the funeral papyri Young still 
further establiBhed the relationship between the first 
and second inscriptions. In 1816 he obtained from 
Mr.William Hamilton a loan of the noble work entitled 
* Description de I'Egypte,' in which were carefully pub- 
lished several of the papyrus manuscripts. Many of the 
inscriptions dealt with the same text, and by comparing 
Ihem one with another Young was able to trace the 
gradual departure from the original hieroglyphic charac- 
ters. Probably with a view to more rapid writing, these 
had passed through various phases of degradation, until 
they reached the stage corresponding to the Enchorial 
inscription of the Rosetta stone, 'which,' saya Young, 
'resembled in its general appearance the most un- 
picturesque of these manuscripts,' Long before the 
time of Young, learned men had tried their hands on 
the Rosetta characters, but no relationship like that 
here indicated had ever beea discerned. 



Pre-eminent among the Egyptologists of that time 
was the celebrated Champollion, librarian at Grenoble. 
In his very first reference to Champollion, Dean 
I'eacoek speaks thus of the illustrious Frenrihman: — • 
'He had made the history, the topography, and anti- 
quities of Egypt, as well as the Coptic Unguage and it3 
kindred dialects, the study of his life, and he started 
therefore upon this inquiry with advantages that prob- 
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ably no other person possessed ; and no one wLo It 
acquainted with his later writings can call in doubt bis 
ejttriiordinaty saj^acity in bringing to bear upon every 
subject connected with it, not merely the most appo- 
site, but also the most remote, and sometimes the most 
unexpected, illustrations.' Thus equipped, however, 
Cliampnlliou made next to no progress before the ad- 
vent of Young. 'With the exception,' saya Peacock, 
'of the identi6cation of a few additional Coptic words, 
very ingeniously elicited from the Egyptian test, be 
made no important advance on what had already been 
done by Akerblad. Like him, also, he abandoned the 
task of identifying the hietoglyphical inscription, or 
pnrtiona of it, with those corresponding to them in the 
Egyptian or Greek text, as altogether hopeless, in con- 
sequence of the very extensive mutilations which it 
had undergone.' 

Young, however, had determined about ninety or 
one hundred characters of the mutilated hieroglyphia ' 
inscription {the funeral papyri enabled him afterwards 
to more than double the number), and these sufficed 
to prove, * first, that many simple objects were repre- i 
sented by their actual delineations; secondly, that | 
many other objects, represented graphically, were ii 
in a figurative sense only, while a great number of tha 
symbols, in frequent use, could be considered as the | 
pictures of no existing objects whatever; thirdly, that 
a dual was denoted by a repetition of the character, 
but that three characters of the same kind following 
c.ich other implied an indefinite plurality, more com- 
pendiously represented by three lines or bars attached 
to a single character; fourthly, that definite numbera 
were expressed by dashes for units, and arches, either 
roirad or square, for tens; fifthly, that all hieroglyphia j 
inscriptions were read from front to rear, ae the oIh 
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jectB naturally follow each other ; sixthly, that proper 
names were included by the oval ring, or border, or 
cartouche ; ' and seventbly, thut the name of Ptolemy 
alone existed on this pillar, having only been completely 
identified by help of tbe analysis of tbe Enchorial in- 
Bcription. And,' adds Young, ' as far as I have ever 
hoard or read, not one of these particulars had ever 
been established and placed on record by ani/ other 
person, dead or alive.' 

No man was a better judge of intellectual labour 
than Dean Peacock, The whole of Young's writings, 
preparatory and otherwise, were before him when be 
wrote; and he states emphatically, that it is impoa- 
sible to estimate, either tbe vast extent to which Dr. 
Young liad carried his hieroglyphical investigations, or 
the progress which he had made in them, without an 
inspection of these manuscnpls. In reference to an 
article entitled ' Egj'pt,' written by Young in 1818, 
and published in the ' Encycloptedia Britannica' for 
1819, a writer in tbe 'Edinburgh Review' for 1826 
delivers the following weighty opinion: 'We do 
not hesitate to pronounce this article the greatest 
effort of scholarship and ingenuity of which modem 
literature can boast.' Even to an outsider it olTers 
proof of astonishing learning and research. Still, 
Peacock assures us that this publication of 1819 could 
hardly be considered more than a popular and super- 
ficial sketch of the vast mass of materials on which it 
was founded. 

Young was limited to what Peacock here calls ' A 
popular and superlicial sketch ' by tbe fact that the 

' young's edilor adds hero ; ' The discovery was long afterwarda 
made by Cbampollion that' the cartonches were confined to tlia 
naniea ol tojal personages.' 



294 THOMAS TODHO, 

article in the 'EncyclopiBflia Britaonica' was written 
for ordinary readers, rather ihan for critics or learned 
men. In this article, however, we are allowed a 
glimpse of Young's mode of collating and comparing 
the different inscriptions. He looks at the Enchorial 
inscripl ion, and notices certain recurrent groups of 
characters ; he looks at the Greek inscription, and 
finds there words with the same, or approximately the 
same, periods of recurrence. Thus, ' a small group of 
characters occurring very often, in almost every line, 
might be either some termination, or some very com- 
mon particle ; it must therefore he reserved till it is 
found in some decisive situation, after some other words ■ 
have been identified, and it will then easily he sho'wn ] 
to mean and. The next remarkable collection of \ 
characters is repeated twenty-nine or thirty times i 
the Enchorial inscription ; and we find nothing that 
occurs BO often in the Greek, except the word king, . 
A fourth assemblage of characters is found fonrteea 1 
times in the Enchorial inscription, agreeing sufficiently j 
well in frequency with the name of Ptolemy. 
By a similar comparison, the name of Egypt is ideD*d 
tified. . . . Having thus,' says Young, * obtained » I 
Btifficient number of common points nf subdivision, ' 
rest proceed to write the Greek test over the Encho- \ 
rial, in such a manner that the passages ascertained J 
may all coincide as nearly as possible; and it is oh- J 
vious that the intermediate parts of each inscription I 
will then stand very near to the corresponding passage* -J 
of the other. ... By pursuing the comparison of | 
the inscriptions thus arranged, we ultimately discover 1 
the signification of the greater part of the individual ' 
Enchorial words.' 

Having thus compared the Greek text with tba J 
Enchorial, Young next proceeded to compare the Ea- J 
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«hoTial with the hieroglyphical. About half the lines 
of the latter were obliterated, and the rest were eon- 
Biderably defaced. Towards the ends, however, both 
inscriptions were fairly well preserved ; and these were 
the portions subjected to the scrutiny of yoimgf. 
Making allowance for the differencoa of space occupied 
by the two inscriptions, aud measuring from the final 
woL'ds of the inscription proportional distances, de- 
termined by the Enchorial characters for God, King, 
Priest and Shrine, the meaning of which had been 
well established. Young sought at the places indicated 
by these measurements lor the corresponding hiero- 
glyphics. He soon found that Shri/tie and fneatwere 
denoted by pictures of the things themselves. The 
other terms, God and King, were still more easily 
ascertained, from their situation near the name of 
Ptolemy. Having thus fixed his points of orientation, 
Young placed them side by side, and subjected the 
characters lying between them to a searching com- 
parison. He olfera in his article of 1819 the last line 
of the sacred characters, with the corresponding parts 
of the other inscriptions, as a ' fair specimen of the 
result that has been attained from these operations.' 

Up to the time of which we now speak, although 
profoundly learned men bad attempted to decipher the 
funeral papyri of Egypt, if we omit the labours of 
Yonng, very little progress had been made in this 
direction ; while in regard to the decipherment of tba 
hieroglyphics nothing had been done. 

A vast extension of our knowledge of Egyptian 
writing is to be ascribed to the followmg accident. 
An Italian named Cassati bad brought to Paris several 
manusoiipts from Upper Egypt. One was written ex- 
actly in the Enchorial character of the second inscrip- 
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lion on the Rosetta Btone. It was a deed of sale, and 
on (he back of the manuscript was an endorsement 
in Greek. When in Paris, Young had received from 
CbampoUioD a tracing of the Enchorial deed, but not 
of the Greek endorsement. About tlie same tiinef 
Mr. Grey, an English traveller, brought to England a 
number ol' mnnuscript.i, which he placed in the hands , 
of Dr. Young. One of fliem was written entirely in j 
Greek, and Young immediately perceived that it i 
a perfect copy of the Enchorial deed of sale. He '] 
wrote immediately to ChampoUion, informing bim of i 
the fact, and begging him to send a copy of the Greek 
endorsement. Uliampollion did not comply with f 
request, but his countryman, Eaoiil Rochette, courteooslj^ 
and proinptly responded to Young's application, and seofe^ 
him a correct copy of the whole Cassati manuscript. 

The possession of the Greek translation was of i 
course an immense help to Young in his efforts to . 
decipher the Enchorial deed, on which he was at tbia , 
very time engaged. ' I could not,' he says, ' but con- 
clude that a most extraordinary chance had brought \ 
into my possession a document which waa not very i 
likely, in the first place, ever to have existed, ftill less f 
to have been preserved uninjured for iny information \ 
through a period of near two thousand years. Rut , 
that this very extraordinary Iransiation should have " 
been brought safely to Europe, to England, and to n 
at the very moment when it was most of all desirable 
to me to possess it, as the illustration of an original 
which I was then studying, but without any reasonable 
hope of being able to fully comprehend it,— this com- 
liination would in other times have been considered aei 
affording evidence of my having become an Egyptian 
lorcerer.' 

Grey's manuscript related, not to the sale of a hoiise J 
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or field, but to portiona of the collections and otfer- 
ings made from timu to time for the benefit of a 
cerUiin number of mummies. The persons of whom 
the mummies were the remains were described at length 
in bad Greek; but though bad, a comparison between 
it and the Enchorial writing gave important informa- 
tion regarding the orthography of ancient Egypt. Mr. 
Grey's collection contained three other similar deeds, 
£.11 written in the Enchorial character of the Eosetta 
stone, and endorsed with the Greek registry. The 
dates of these documents closely corresponded with that 
of the Cassati manuscript, which was 146 years before 
Christ. They refer to the sale of land, the boundaries 
of which were very clearly defined.' In those days, as 
we know, the Egyptians were the best laud -survey org 
in the world. The comparison of these documents 
formed, as might he expected, an epoch in the history 
of Egyptian literature. 

' And the persons concerned were equally well defined. In this 
tGspcct the Egyptians might vie with the writers of Continenlal 
passporta. Tlie following is a translation of the famoas pnpj'rtii of 
Anastas;, reoardiuga deed of sale ; — ' Tbere was sold b; Paaiontlies, 
aged abont forty-five, of middle size, dark complexion, and hand- 
some flgure, bald, round faced, and ntiaight nosed ; by Snachomnens, 
aged about twenty, of middle aiiM!, sallow completion, likewise 
round faced and Btmight nosed ; and by ^emmuthis Persinel, aged 
about twenty-two, of middle size, sallow complexion, ronnd faced. 
Gut nosed, and of qoiet demeanour ; and by Tathlyt Perainei, aged 
alioat thirty, of middle size, sallow complexion, roond face, and 
straight nose with their principal Pomonlhcs a party in the sale; 
llie four being of the children of Petepsais of the leather- cutters 
of the Memnonia ; ont of the piece of level groimd which belongs 
to them in the soulheru part of the Memnonifl, 8,000 cubits of 
open field. ... It waa bought by Nechutea the less, the son of 
Asos, aged abont forty, of middle slxe, sallow completion, cheerrul 
countenance, long face, and straight nose, with a scar apon the 
middle of his forehead, for 601 pieces of brass, the sellers sl-andlng 
as brokers, aud as securities for the validity of the sale. It wai 
accepted by Neohutes the pnrchater, 
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We now approach a period of stormy diseuBBiim ^ 

regarding the claims of different discoverers. And as tba 
tempest raged chJeHy round Young and Champollion, 
it 13 desirable to fix with precision, if that be possible, 
the position of the learned Frenchman before he came 
into contact with Young. This a work published by 
Cliampollion at Grenoble in 1821 enables us to do. After 
tipeaking of the notions previously entertained regard- 
ing the hieroglyphical and epistolographic characters 
of the Egyptians, and of the opinion, universally dif- 
fused, that the Egyptian manuscripts, like those of to- 
day, are alphabetical, the author states his case thus: — 
* Une longiie etude, et aurtout une comparaison atten- 
tive des testes bieroglyphiquea avec ceus de la ssconde 
espSce, regard^s comme alpbabetiques, nous ont con- 
duit 4 une conclusion contraire. 

II resulte, en effet, de oos rapprochements : — 

1° Que I'ecriture des tnanuscrits ^gyptiena daJ 
la seconde esp^ce (I'hieratique) n'est point alphab^ 
tique ; 

2° Que ce second systSme n'est qu'une simpltf 
modification du syst^me hieroy;lyphique, et n'en difif^M 
uniquement que par la forme des signes ; 

3° Que cette seconde esp^ee d'ecriture est Thiera-I 
tique des auteurs grecs, et doit 6tre regardee commftA 
ime ta^hygraphie hieroglyphique ; 

4*^ Enfin, que les caract^rea hieratiques sont ] 

SIGSES DB CHOSES, ET BON DES SIONES DE SONS.' 

There is no mention here of the name of YoungJ 
though he had, many years previously, made known t 
the world, as the result of his own researches, the firetJ 
second, and third of these propositions. Immediately' 
after the publication of this work in 1821, ChampoUio 
became acquainted with the ' popular and auperficitd 
sketch ' — in reality, the transcendentlj able article c 
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Young — published in the ' En cyclop tedia BritanDica ' 
for 1819. 

Peacock's analysis of what next occurred is not 
agreeable readino^. ChampoUion'a memoir of IS21 
was rapidly suppressed, and soon becarae so sciirce that 
it has been passed over by almost every author who 
has written on the subject. In the following year 
ChampoUion addressed a letter to M. Dacier, in which, 
to use the language of Peacock, we suddenly find him 
pushed forward into the inmost recesses of the sanc- 
tuary, reached by Young five years before. The plates, 
moreover, of the suppressed memoir were circulated, 
without dates and without letterpress, A copy of these 
plates was given by ChampoUion to Young, who was 
left in entire iguoi'anee of the date of publication, 
' The suppression of a work,' writes Peacock, in strong 
reproof, ' expressing opinions which its author has sub- 
sequently found reason to abandon, may sometimes bo 
excused, but rarely altogether juBiified ; but underno 
eircumatances can suck a jusiification be pleaded 
when the Buppression is either designed or calculated 
to eoTuproinise the clav>ns of other persotis with re' 
ference to our own. The memoir in question very 
clearly showed that, so late as the year 1821, Cham- 
poUion had made no real progress in removing the 
mysterious veil which had so long enveloped the ancient 
literature of Egypt. The article " Egypt," written by 
Young, had meantime confessedly come under his 
observation. He saw the errors of his views and 
suppressed them, without giving due credit to the 
man who had first struck into the true patti.' In 
reference to an account given by OiampoUTOti oti 
the labours of Young, PeacocV Tpf> 
be difficult to point out in tKe 
a more flagrant example of t^ 
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pre^sion of the reoJ facts bearing upon an importanf 
discovery.' 

And yet thf Dean of Ely is by no meanti BtiDgy in 
his praise of Champollion. It would be unjust, he 
says, to refuse to Champollion the honour due to cia 
rare skill and sagacity, not merely in the application 
of n principle already known, but in its rapid exten- 
sion to a multitude of other cases, so as not merely to 
point out its character and use, but also to determine 
the principal elements of a phonetic alphabet. Hia 
long-continued studiea, Peacock remarks, bad fitted 
him more than any other living man. Young himself 
hardly excepted, to deal with this subject, 'and the 
rapidity of his progress, when once fully started on his 
career of discovery, was worthy of the highest admi- 
ration.' Peacock, moreover, describes his work as ever 
memorable in the history of hieroglyph icai researd^,' 
not only from the vast range of knowledge which it"-! 
displays, but from the clear and lucid order in which it 
is arranged, 'It was,' he continues, 'singularly un- 
fortunate that one who possessed so much of his own 
should have been so much wanting in a proper sense of 
justice to those who had preceded him in these inves- 
tigations as materially to lessen hia claims to the re- 
spect and reverence which would otherwiso hare t^en 
most willingly conceded to him,' 

With regard to the lack of literary candour, thus 
BO strongly commented on, it is of interest to note the 
views concerning Champollion held by one of his own 
countrymen. Soon after the researches of Young had 
begun, an extremely interesting corref^pondence was 
established between him and De Saey. As early as 
October 1814 Young was able to submit to his cor- 
respondent a 'conjectural translation' into Latin of 
the Egyptian Kosetta inscription. He subsequent^ 
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Kent him an English translation, the receipt of which 
is acknowleiiifefl by De Sacy in a letter dated Paris, 
July 20, 1815, The ofjeoiDg paragraph of this letter 
contaiDS an allusioD of cousiilerahle historic import- 
ance: — 'Ontre la traduction latine de I'inscription 
egyptienne, que vous m'avez communiqnee, j'ai re§U 
posterieurement une autre ti'aduction anglaise impri- 
m^e, quejen'ai pas en ce moment sous les yenx, Vayant 
pHtSe a M, GhampoUion sur la deinande que son 
fi'hre m'en a faite d'aprea une leitre qv-'U m'a dit 
avoir recite de vous.'' In view of tha statement of 
Champollion in a PrScia of his researchcB putlished in 
1824, that he had arrived at results similar to those 
ohtained by Dr. Young without having any knowledge 
of Young's opinions, the foregoing extract is significant. 
De Sacy goes on to recognise formally the progress 
which had been made by Young at the date of the fore- 
going letter. He asts some questions regarding Young's 
method, which in certain cases appeared to him enig- 
matical. The requisite explanations were promptly 
given by Yoimg. In a labour of the kind here under 
consideration, that force of genius which we vaguely 
term intuition must come conspicuously into play ; 
and it is not always easy for him to whom the exercise 
of this force is habitual, to make plain to others the 
nature and results of its action. 

De Sacy embodies in the letter above quoted some 
personal remarks which, were it not that their omission 
would involve a virtual injustice to Young, one would 
willingly pass over. ' Si j'ai un cnnseil h. vous donner,' 
writes the Baron, ' c'est de ne pas trop communiquer 
vos d^couvertes Sl M. ChampollioD. H se pourrait faire 
qu'il pretendat ensuite k la priorite. H cherche en 
plusieurs endroits de son ouvrage & faire crou'e qull 
B decouvert beaucoup des mots i^e I'inscription ^gjp- 



ticuar de Rovettc J'ai liica pear qne ee d« snit U (|ub 
4« dmhliiiiwc ; j^jooto aCne qne j*u de Hartea 
tUMtti de le penaer.* Tbe work of CfcampoDioa bere 
nfmvd lo aiaeBtiUed * L'£gjpte Km let Phanaos, ou 
reebereba Mir h geogT^iUe, h rdigMn, la bi^ne, le* 
fentoKS «t nustoire de r^jgpte «TUkt ricvadoD de 
CambyEM.' TvQ TotomeB of tbe wtvfe w«re pnblUbed 
ID 161-1, but it was nerer completed. 

la aletter wntten tonntstbeendof I815,Toun^ 
pastes tbe foQowii^ judgment npon tbu book io regaid 
to it« Telati<n to tbe Bosetta iiKctiptkns: — 

'I have only spent literally five minutes VQ looking 
ovn- Champollion, turning, by means of the index, to 
tbe parts where he has quoted the inscription of Boaetta. 
He follovs AkerUad blindly, with fcarcely any acknow- 
ledgment. But he certainly bas picked out the sense 
of a few pasEages in tbe inscription by means of Aker- 
blud's investigations ; although io four or five Coptio 
words which he pretends to Iiave fumid in it, be is 
wrong in all but one, and that is a very short and a, 
very obvious one.' 

Our neighbours, the French, have been alw.iya fond, 
perhaps rightly fond, of national glory, 
military matlera, but also in science ru 
They rallied round Champollion. Even !'■ ~ 
liad previously warned Young against him, evei 
joined in the general piean. Arago also, who, in r 
to the optica! discoveries of Young had bebare 
honoiirably, delivered an Eloge of Young» founu 
according to Peacock, on the most imperfect an 
narrow views of the case. In fact, patriotism caoiu 
into play where cuaraopolitanism ought to have been 
Kupreme. Arago seeksto make out that Young standa in 
the same relation to Champollion as Hooke, in regard 
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ndmira la science aveo laquelle M. le Docteur Young 
avait r^tabli la chronoldfjie des Roia d'Egypte, ne com- 
men^aot leur serie qu't la XVIII dynastie de Manethon, 

ea regardant lea aeries unterieures comme loadiuiBei- 
bles; resultats ausquela des travauz tout diCTereots 
avaient Element conduit M. de Paravey : et, en outre, 
il jugea, et i! juge encore, que le premier il entrait 
d'une mani^re plausible et sure dan» I'iiiter probation des 
hieroglyphes, foumissnnt ainai a M. VkampoUion le 
jeune une clef aana laqueUe ce demiern''aurait jamaia J 
pu arriver aux resultats importants et curiouas que I 
depuia il a MenuB.' I 

In the same sense, and almost in the same words, 
wi-ites Sir Gardner Wilkineon, an ardent admirer of 
ChampolHon, and his cliivalrouB defender against tlie 
assaults made upon liim after his deatli. After speaking J 
of bim as the kindler into a flame of the spark obtained.! 
byToung, he continues thus: — ' Had Champullion been, 
disposed to give more credit to the value and or^s- 
ality of Dr. Young's researches, and to admit that tb»i 
real discovery of the key to the hieroglyphics, which in 
his desterous hand proved bo useful in unlocking thof 
treasures, was the result of hia [Young's] labours, '. 
would unquestionably have increased bis own repot 
tion without making any sacrifice.' 



Peacock speaks with wondering admiration of tbal 
modesty and forheai'ance which Young invariabljb 
showed in regaid to Champollion. He complained i 
little, but he threw no doubt or insinuation upon the J 
Frenchman's honour. He confined himself excluaivelyV 
to his own published writings, and made no reference to4 
the loads of labour which lay upon hia sbelvea unpul>-l 
lished. Peacock complains, and justly complains, off 
the unfairness of comparing the Champoliion of 1824'l 
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with the Young of 1816. Young waa the initiatory 
genius. He gave Champollion the key, which he used 
subsequently with that masterly skill aod sagacity 
which have rendered hia name illustrious. But Pea- 
cock emphatically affirms that Champollion passed 
over Young's special researches in connection with the 
papyri of Grey and Cassati ; that whatever principle 
of discovery had been perceived and established or made 
known, was appropriated witliout acknowledgment, the 
dates which would have proved the unquestionable 
priority of Dr. Young being carefully suppressed. 

The Dean of Ely obviously felt very sore in regard 
to the treatment of Dr. Young. ' It is not our object,' 
he says, ' to underrate the merits of the great contri- 
butions which were made by Champollion to our know- 
ledge of hieroi^ljphical literature, but to protest against 
the persevering injustice with which he treatt'd the 
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Within the walls of the village church of Fam- 
borough, Kent, in the family vault of his wife, lie the 
remains of Thomas Young. On the church wall is a 
white marble slab with &q inscription, the original of 
which, eompoaed by Mr. Hudson Gurney, stands under 
Chantrey'B medallion of Young in WestmlnBter Abbej, 
It runx thus: — 



f Farn- I 




tIFj; IN THE ALPS* 

LEAVING England in July, and returning m October, 
I spend three months of every year among the 
Swiss mountains. Various and strilcing are the aspects 
of nature witnessed during these long visits : Sunshine 
from unclouded skies, dense fog, mountain mist, furioua 
rain and hail, snow so deep that, were not my wife and 
I thorough children of the hills, and well acquainted 
■with their ways, we should sometimes fear imprisonment 
in our highland home. We have also our due hhare of 
thunder-storms — the peala sometimes rolling at Bafe 
distances, hut sometimes breaking so close to us that 
we can hear the hisa of the rocks which precedes the 
deafening crash. A long roll of echoes follows, undulat- 
ing in loudness, and finally dying away amid the rocky 
halls of the mountains. Tbis is the state of things so 
vividly described by Iiord Byron : — 

From peak to pealt the rattling crags among 
Leaps the live tliander, 

Aa regards thimder-storms, however, we are far 
better off than our neighbours in Northern Italy, whose 
liilla, acting aa lightning-conductors, partially drain the 
clouds of tbeir electricity before we receive the shots of 
their 'red artillery.' We can Bee from our perch the 
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wonderful tbriUing of these Italian thunder-storms, he- 
;ond the great mountain range at the farther tAiie oi 

the valley of the Rhone. 

At night it ia one of the grandest i»f spectacles. 
Flash rapidlj follows flash, while iit times the light 
hurata simidtaneoiislj from different parts of the 
heavens, every cloud and mountain-top appearing then 
' white-listed through the gloom.' At night the eye is 
far more sensitive than it is hy day, the more vivid 
lightning thrills being then Cjuite dazzling. Meanaa 
while, no sound is heard ; and an observer might ham 
disposed to conclude that the lightning was without 
thunder — Blitz oline DonTier, as the Germans say. 
Among the southern mountains, however, where the 
flashes occur, there is one, called the Jlonte Generoeo, 
on which stands a hotel in telegraphic conununicatitn^'g 
with the lower world. Thither I have telegraphed o 
various occasions ; and invariably, when the lightniiw 
was thrilling silently in the manner jusb described,! 
have been informed that a terrific thunderstorm ^ 
raging over Northern Italy.' From our position hen 
the peals were too far away to be heard. 

The region where wo dwell was chosen by ] 
Tyndall and myself on account of its surpassing beautn 
and grandeur. I tirtt made its acquaintance tweiitj-' 
nine years ago, having previously become familiar witii^ 
Mont Blanc and its glaciers, and with other glaciers,,* 
both in Switzerland and the Tyrol. It is in the Komani 
Catholic canton of Valaie, which, notwithstanding the J 
success of the Reformation in adjoining cantons, has, u^ 
to the present day, maintained its ancient relig 

' These messages once cansed the worthy proprietor 
UoRte GeneroBO Hotel to remark that he knew Englisliinen 
terested in tlie neaiber; but that a gentleman at the Uel AXfM 
Fccmed positively crazj- on the Bulijoct. 
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Here we live on the friendliest terms with both the 
priests and the people. 

Switzerland is made up of a number of cantona, 
which are subdivided into communes, each possessing 
its own president and council, and making' its own locnl 
laws. The commnnal lawa are, however, subject to the 
revision of tlie cantonal government, We live, for in- 
stance, in the commune of Natera. The sale of the land 
on which our chalet stands was first agreed to by the 
vote of the assembled burghers of the commune ; but 
their vote had to be afterwards ratified by the * high 
government' of Sion, the chief town of the canton. 
Naters, the name of the commune, is also the name of 
its principal village. 

I had the lionour this year of being unanimously 
elected an honorary burgher of the commune. Thit* 
confers upon me certain rights and privilegea not pre- 
viously enjoyed. I can pasture cows upon the alps — a 
name given by the inhabitants, not to the snow-capped 
mountains, but to the grassy slopes stretching far below 
the snows. I am also entitled to a certain allowance of 
fuel from the pine-wooda. Finally, I can build a chalet 
on the communal ground. Prizing, however, the good- 
will of the people more than these material advan- 
tagea, if I at all avail myself of my newly acquired 
rights and privileges, it will be to a very moderate 
extent. 

The well-known Bel Alp Hotel stands aome two or 
three hundred feet below our cottage. The name ' Bel ' 
is derived from a little hamlet of huts planted in the 
midst of grassy pastures, or alps, abciit half an hour 
distant from the hotel. The ancient name of the alp 
on which we have built our nest is Lusgen Alp, and 
this is the name that we have given to our cottage. I 
have called it a chalet, but it ia by no means one of the 
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picturesque wooden edifices to whi^-h thU term ia usually 
applied. It haa to bear, at times, the pressure ot" a 
mightj masB of snow, Tbe walls are therefore built of 
etone, and are very thick. 

I could give you many illustratious of the breakagea 
produced by snow pressure, but one will suffice. Our 
kitchen chimney rii-eB from the roof near the eave, anit 
the downward pressure of the snow lyinj^ on the roof 
above it was, on two occasions, so great aa to shear away 
the chimney and land it bodily upon the snow-drii't 
underneath. At present a tall pine tree constitutes a 
strut which will prevent a recurrence of this disaster. 
When we arrive early we uauaUy find, here and there, , 
heavy residues of snow. Once, indeed, to obtain en- 
trance to our kitchen we had to cut a staircase of six 
BtepB in the drift at the back of tlie houpe. 

A stream, brawling down the mountain, leaps forth 
as a cascade thirty paces from our dwelling. We have 
a cistern beside the stream high enough to command 
the whole of our cottage. A plentiful water supply for 
ordinary purposes is always at hand. For drinking 
purposes t-here is a spring which bursts, crystal-clear, 
from the breast of the mountain, a quarter of an hour 
below us. From this, especially when the fiocks and 
herds are on the alps, the drinking water ought in all 
cases to be drawn.' 

An hour ago our little cataract 'leaped in glory.' 
It is now gone — whither ? I climb to the top of it, and 
follow upwards the forsaken bed of the stream. In 
half an hour I hear the sound of water, and soon after- 
wards come to a point where the bank of the stream is 

' Daring the lifetime of its lat« proprietor I Hncceeded in 
Toduccd into Ihe Bel Alp Hotel. Ic maj be 
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broken down, and a barrier oT clods built across it, all 
it« water being thus diverled into another clianuel. Tlie 
BtreamB are a vahialile part iif tbe pea^iant'a property ; 
they are employed to water the sloping meadows, and 
the laws regidating the distribution of the water are 
very strict. A burgher has a right to the use of a 
stream for a certain number of Lours, If he exoeeda 
that nitmljcr he trespasses on his neighbours' rightB, and 
is punished if found out. Now the hotel needs water; 
and in droughty weathera struggle ia carried on betwetn 
the hotel and the meadows, during which the supply of 
the former Js not unfrequentlj cut off. Such waa the 
case this morning. When tbe supply censes the cause ia 
known, and apeasant provided with jiick,ppade,or shovel, 
elimha the mountain and restore3 the deflected stream. 
Within doors we work on the ground floor and sleep 
alnft. We have two bedrooms there and a servants' 
bedroom, all lined with sranoth pine. The house is 
covered with pine shingle, prettily cut. Slates, I con- 
sidered, would be a discord in tbe landscape, and the 
right of any man to desecrate a scene of natural beauty 
by such discord may be questioned. We are sometimes 
wrapped roimd by absolutely silent air ; more frequently 
by air in motion, rising sometimes, as already indicated, 
to the force and sound of raging storms. Over us sail 
heavj-laden cloiids which shower their rain-drops like 
loud-sounding pellets on tbe shingly roof. 'The music 
of tbe rain' at night ia often soothing to a wakeful 
brain. I walk at times on our terrace under the stars, 
and trace among them with a clearness not seen else- 
where tbe whiteness of the 'Milky Way/ Just now 
the moon is full, gleaming from (be glacier, and throw- 
ing her light, like a holy robe, over the mountains. 



We sometimes quit our Swi 



e regretfully, »itb 
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II wnnn ran sliining on the newly-fallen ?now, TrIitVIrT 
vaslly eiihaTicca the loveliness of the scenes around ii 
We moreover regret bidding good-bye to the gorgeous I 
colouring of the trees and undergrowth, which might 
bear comparison with the beauty of the foliage that I 
have seen in autumn in the neighbourhood of your owe 
Boston. I fiave never forgotten the autumn splendouE 
of Mr. Wintbrop's trees at Brookline. 

Sometimes, however, we depart under difficulties. 
Laat year, for example, on October IG, our porters 
hoisted on their backs the luggage intended for home, 
and through a dense fog, with the snow three feet 
deep, and still heavily falling, we moved downwards. 
Fog on the mountains is terribly bewildering; and aa 
we descended, one of our men, who had tramped the 
neighbourhood from his infancy, and had on that ac- 
count been chosen for our leader, stopped short, and 
declared that he did not know which way to proceed. 
There was no danger, but the difficulty was considerable. 
A thousand feet or so lower down we gob entirely clear 
of the snow. 

Towards the end of June the flocks and herds are 
driven to the upper pastures, private ownership ceasing 
and communal rights, as to grjzing, beginning at an 
elevation of about four thousand feet above the Rhone, 
or seven thousand feet above the sea. The peasants 
and their families accompany their living property, re- 
maining for two or three months in huts built expressly J 
with a view to their annual migration. Nearly than 
whole of them move into Naters for the winter ; but v 
reraiiin alone, amid the solemn silence of the hills, three 
weeks or a month after the peasants have disappeared. 
Their time of disappearance depends upon the exhaus- 
tion of the pasturage. Many of them have intermediate 
hut^ and bits of land between Naters and their highest 
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dvellingg. The possessors of such huts descend by suc- 
cessive steps to the valley. 

Sqow falls, of course, for the most part, in winter ; 
but the exact period at which it falls is not to be prtv 
dieted. A wiuter may pass with scarcely any snow, 
while in early sprin;^ it may fall it immense quantities. 
Then folloivs a lime of avalanches, when tlie snow, de- 
taching itself frum the steep mouotain-Eideaj shoots 
downwards with destructive energy. 

I have seen here, in midsummer, snow so heavy that; 
the herds had to be driven a long way down to get a 
little pasture. Three or four years ago, a fall of un- 
equalled severity began on the night of September 12. 
There was a brief respite of sunshine, during which the 
peasants, had they been wise, might have brought down 
their flocks. But they failed to do so. Snowing re- 
commenced, the sheep were caught upon the mountains, 
and for a long time they could not be reached by their 
owners. Parties of men, fourteen or fifteen in number, 
at length ascended in search of the sheep. My wife and 
I trudged after one party, and extremely hard work 
we found it to do so. The leader first broke ground, 
floundering and ploughing a deep cliannel in the snow. 
He was soon exhausted, and fell back, while a fresh man 
came to the front. Each of them thus took the post 
of leader in his turn. 

At a considerable elevation we parted company 
with the men; It was a sombre, sunless afternoon, and 
tho scene was desolate in the extreme. Here and there 
we coidd discern groups of men, two or three in number, 
engngedin skinning the dead sliecp they had discovered, 
A joint of meat wnuld have remained sweet for any 
length of time in the snow, but the warmth preserved 
by the fleece caused the flesh of the sheep to putrefy. 

For thirteen days the chief portion of the flock 
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remained unaccouiited for. During all this time the 
animals were without food, and, indeed, were given up 
for lost. Nearly two hundred of tiiem, however, were 
afterwards driven down to the Bel Alp alive. I saw 
tliem arrive after their long fast, and they seemed per- 
- fectly hrisk and cheerful. Some of thera were entirely 
hare of wool, the covering having heen eaten off their 
backs by their famishing companions. I have been 
assured that the sheep which indulged in this nutrimeQl; 
all died, balls of imdigested wool being found in their 
stomachs afterward.-. Avalanches were frequent at the 
time here referred to, and by them numbers of sheep on 
the lower slopes were swept away. 

It is only those burghers who are comparatively 
well off that ascend to the higher grazing grounds. 
Even they seem to find the struggle for existence a 
hard one. Two or three cows and a few sheep or goata 
constitute, in well-to-do cases, the burgher's movable 
weallh, while the land privately owned is divided into ■ 
very smal! parcels. 

The peasants' huta, built, for the most part, of pine> j 
logs, richly coloured by the oxidising action of the aun, 
are not always as wholesome as they might be. Tha . 
upper part of every but la divided into two dwelling- 
rooms, one for sleeping, and the other for cooking and 
other purposes. The single sleeping-room is sometimes 
occupied by a numerous family, space being obtained 
by placing one bed above another, like the bertha 
in a ship. There is no chimney, the smoke escaping 
through apertures in the roof. 

In our neighiioiuhood, the roofs are usually formed 
of flags obtained from a rock capable of cleavage 
The sleeping-room is always over the cowshed, thia 
position being chosen for the sake of warmth. Through 
chinks in the floor, the sleepers not only obtain waimtli. 
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but ofton air which has passed through the lungs of 
the animals underneath. Tbe result, as regards health, 
is not Batisfactory, the women and children suffering 
most. Were it not thwt the contaminated respiration 
of the night is neutralised hy outdoor life during the 
day, the result would be still less satisfactory. 

Thanks to a liberalLondon chemist, I am provided, 
from time to time, with simple medicines for those re- 
quiring medical treatment, and with plaisteia for those 
requiring surgeon's aid. Thanks also to the physicians 
who visit the Bel Alp Hotel, I am sometimes able to 
apply these remedies with specially good effect. In 
the absence of a qualified doctor I do the best I can 
myself. The peasants come to me in considerable num- 
bers, while I frequently go to them. 

I do my best to induce the people to open the win- 
dows of their sleeping-rooms during the day. The 
advice is, in many cases, attended to; while, even 
where it is neglected, whenever I am seen approaching a 
hut containing a patient, the windows are thrown open. 
Justice, tirmness, and kindness suffice to make people 
accept an almost despotic rule; and this, in my own 
small way, I find to be true of my Alpine neighbours. 



As I write, a rush, followed by a heavy thud, informs 
me ttiat a mass of snow has shot from the southern 
slope of our roof down upon our terraoe. The rush is 
one of a series, brought down by the strong morning 
sun. This reminds me to tell you something m 
about the avalanches which are such frequent deatroyem J 
of life in the Alps. Whole villages, irapnidenfcly situ- 
ated, are from time to time overwhelmed. We h' 
eye to this danger when we chose the rocky promi 
on which our cottage is built. 

Climbers and their guides are not unf: 
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carried away by avalaucbea, and many a brave man 
lies at the present moment undiscovered in tbeir dSbris. 
Some years ago, a famous guide, and favourite cora- 
paiiiou of mine, allowed himself to he persuaded to at- 
tempt the ascent of a mountain which be considered 
unsafe, and lost his life in consequence. On the slope of 
this mountain, with the snmmit fully in view, a report 
reaembbng a pistol shot was heard by the party. It was 
the cracking of the snow. My friend observed the 
crack, and saw it widen. Tossing his arms in the air 
he exclaimed, ' We are all lost I ' The fatal rush fol- 
lowed in a moment, and my noble guide, with aKusedaa 
gentleman to whom he was roped, were dug, dead, out 
of the snow some days afterwards. The other members 
of the party escaped. 

I will now describe to you an adventure of my own- 1 
on one of these avalanches. Fi\'e of us, tied togethee.J 
by a rope, were descending a steep slope of ice, covered'J 
by a layer of snow, which is always a position of d 
Tiirough inadvertence the snow was detached, 
avalanche was formed, and, on it, all five of us w 
carried down at a furious pace. Wo were shot over] 
crevasses, and violently tossed about by the inequalitieaj 
of the surface. The length of the slope down wbicl 
we rushed in this fasliion was about a thousand feofy 
It was a very grave accident, and within a hair's bread^ 
of being a very calamitous one. A small gold watcli^V 
which I then carried, was jerked out of my pockety! 
and, when we stopped, I found a fragment of the watch-*! 
chain hanging around my neck. 

I made an excursion into Italy, returned after t 
abeence of nearly three weeks, and, half jestingly^rj 
organised a party to go in search of the watch. Thn 
proverbial needle in a bundle of straw seemed hardlj^ 
more hopeless as an object of discovery ; still, I thougli^] 
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it barely possible that the snow which coverea the 
watch might, during my absijiice, have sufficiently 
melted away to bring the watch to the surface. An 
ascent of some hours brought us to the scene of our 
impetuous glissade, and soon afterwards, to our sur- 
prise and deliglit, the watch was found on the surface 
of the snow. Its case must have fitted water-tight, for 
on being wound up it began to ticic immediately. It 
is now in the possession of my godBon. 

FpUing stones constitute another serious, and fre- 
quently fatal, danger in the Alps. And here the goats, 
which roam about the upper slopes and gullies, often 
play a mischievous part. An incident of this kind, 
witnessed by myself, occmred many years ago about mid- 
way between Chamounix and the Montanvert. I was 
accompanied at the time by a friend and his son. A 
herd of goats was observed browsing on the heights 
above us. Their appearance suggested caution. Sud- 
denly an ominoiM tapping was heard overhead, and, 
looking up, T saw a stone in the air. Whenever it 
touched the rock-strewn ground it was deflected, so 
that from the direction of the stone at any moment 
it was difficult to infer its final direction. I called out 
to my frieud, 'Beware of the stone I 'and he, turning 
towards his son, repeated the warning. It had scarcely 
quitted bis lips, when the missile plunged down upon 
himself. He fell with a shout, and I was instantly at 
his side. Tlie stoue had struck the calf of his leg, 
eml)edding one of its angles in the flesh, and inflicting 
a very ugly wound. 

By good fortune, a spring of pure water was at hand ; 

wet compress was rapidly prepared, and the wound 

was bandaged. Then, hurrying down to Chamounii, 

which was some two thousand feet below ua, I brought 
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lip men and means, to carry the patient to his loiel. 
Perfect quiet would have soon set everything right, 
but the premature motion of the limb was succeeded 
by inflammation and other serious consequences. 

Slipping in perilous places ia the most fruitful causa 1 
of Aipiue disaster. It ia usual for climbers to rope 
themselves together, and the English Alpine Club haa 
taken every pains to produce ropes of the soundest 
material and the best workmanship. The rope ia tied 
around the waist, or is fastened to a belt clasping the 
waiat, of the climber. The rope ia an indispensable 
accompaniment of Alpine climbing, and no competent 
mountaineer will recommend its abandonment. Pru- 
dence, however, is necessary in the use of it. The 
men tied together ought to be few in number. A party 
of three or four, including the guide, or guides, is io. 1 
my opinion large enough. In a numerous party, there I 
is a temptation to distribute responsibility, each indi^ 3 
vidual tending to rely too much upon the others j while, i 
in a small party, the mind of each man is more c 
centrated on the precautions necessary for safety. * 
Besides this, we have the terrible enhancement of the J 
calamity when the slipping of a single individuals 
carries a number of others to destruction. It was aslip j 
— by whom we know not — that caused the disaster on, J 
the Matterborn which so profoundly stirred the publiol 
mind some years ago. On that occasion, one of the] 
foremost guides of the Alps, and one of the best gentle- 
men climbers, lost their lives, in company with twol 
younger colleagues. 

The fearful disaster on the Jungfrau this year wa^ I 
doubtless, due to the same cause. Six strong climbers, I 
all natives of Switzerland, succeeded, without guides, ia 
scaling the mountain from the northern side. From thi 
Bummit they attempted to descend the southern slope 
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EEe danger of which varies with the condition of the 
EQOwor ice. I had frequently wondered that no accident 
had ever previously occurred here; for, to an experienced 
eye, the poasihilitj of a fatal accidenf was plain enough- 
On this slope the six chmhers met their doom. They 
were roped together, and probahly only one of them 
slipped; but his slip involved the destruction of them all. 
A few weeks after its occurrence I inspectfd the scene 
of the disaster, saw the rocks down which the men had 
fallen, and the snowfield on which their bodies were found. 
Their reaching the summit without guides proved 
them to be competent men. But they could hardly 
have accomplished the ascent without fatigue, and tired 
men sometimes shrink from the labour of hewing safe 
steps in obdurate ice. Neglect on this score may have 
been the cause of the accident. But this is mere sur- 
mise, the only thing certain being the mournful fact 
that on the Jungfi-au, this year, six men in the very 
prime of life went simultaneously to destruction. 

On the fine October morning when these lines are 
written, we find ourselves surrounded everywhere by 
glittering snow. The riven Aietsch glacier and its 
ffankiug mountains are dazzling in their whiteness- 
After a period of superb weather, streaks and wisps of 
boding cloud made their appearance a few days ago. 
They spread, became denser, and finally discharged 
themselves in a heavy fall of snow. But the sunshine 
rapidly recovered its ascendency, and the peasants, who 
had already descended some distance with their cows 
iind sheep, hoped that two days of such warmth would 
again clear their pastures. 

They were deceived, for through the whole of yester- 
day the snow fell steadily. It ijterrupted the transport 
of our firewood, on mules' backs, from the pine woudi 
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nearly one tliousand feet below ua. This mommg^ 
ever, I opened tbe glass door of our little sittiog-room, 
wiiich faces south, and stepped out upon our lerracu. 
The siieue was uuspeakablj graud. To the right roaai4 
the peak of the Weisshorn, the most perfect embodi-T 
ment of Alpine majesty, purity, and grace. Neil 
came the grim Matterhom, then the noble Mischabel- 
horner, surmounted by the ' Dum.' Right opposite roaa 
the Hetschliom, a rugged, lionest-looklng masa, of true 
mountain mould ; while to the left of Napoleon's road 
over tbe Simplou P;is3 stretched the snow-ridge of the 
Monte Leone— whiu.h, no doubt, derives its name from 
its resemblance to a couchant Hon. Soft gleaming 
clouds wrapped themselves at times grandly round the 
mountains, revealing and concealing, as they shifted, 
melted, or were re-created, the snow-capped peaks. 

About one thousand five hundred feet below us the 
white covering came to an end, while, beyond this^ 
Bunfly green pastures descended to the valley of th^jl 
Rhone, From the chimneys of our cottage, a ligh^T 
wind carried tbe smoke in a south-westerly direction jj 
the clouds, just referred to, being, therefore, to IeewanJi| 
and not in 'tbe wind's eye,' did not portend bac 
weather. To the north, the peaks grouped themselvei 
round the massive Aletschhorn, tbe second in I 
among these Oberland Mountains. Over the Aletscbbom 
the sky was clear, which is one of the surest signs t 
fine weather. Once, on a morning aa fair and exhila 
rating as the present one, but earlier in the year, 
Tyndall and mjself, from the top of the Aletschhorn— 
a height of fourteen thousand feet — looked down upt 
the summit of the Jungfrau. 



The general aspects of the Alpine atmosphere, and,J 
more especially, the forms and distribution of thaJ 
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different in aulumn from wbat they a 



; grandest < 

tains are, indeed, displayed wben no tourist ia here to 
look at them. To us, wiio remiiin, tbiu ia not a disad- 
vantage ; for, like the poet's ' rapture on a lonely shore,' 
there is rapture for the lover of Nature in the lonely 
mouDtains, and 'a radiance of wisdom in theii- pine 
woods.' I 'well remember, after the tourist eeason at 
Niagara Falls had ended, my deep delight in visiting 
alone the weird region of the ' Whirlpool.' Your 
countryman, Thoreau, did not love the witds more than 
I do. 

One striking feature invariably reveals itself here 
at the end of Septemher and the beginning of October. 
BVom the terrace of our cottage we look down upon a 
basin vast and grand, at the bottom of which stands 
the town of Brieg. Over Brieg, the line of vision 
carries us to the Jjimplon Pass, and the mountains right 
and left of it. Natera stands in a great gap of the 
mountains, while meadows and pine-clad knolls stretch, 
with great variety of contour, up to the higher Alpine 
pastures. The basin has no regularly rounded rim, but 
runs into irregular bays and estuaries, continuous with 
the great valley of the Rhone. 

At the period referred to, valley, basin, bays, and 
estuaiies are frequently filled by a ctoud,t]ie upper sur- 
face of which seems, at times, as level as the unruffled 
surface of the ocean, A night or two ago I looked down 
upon such a sea of cloud, as it gleamed in the light 
of a brilliant moon. Above the shining sea rose the 
solamn mountaina, overarched by the star-gcmmed sky. 
Here your young imaginations must aid me, for my pen 
fails to pursue any further the description of the scene. 

As I write, on a day subsequent to that already 
mentioned, & firmament of undimmed azure shuts out 
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the view into stellar space. No tmce of cloud is visiblei 
and yet the suhstance from which clouds nre madu is, 
at this moment, mixed copiously with the transparent 
air. That aubslance is the vapoiir of water ; and I take] 
this beautiful day as an illustration, to impress iipoitjl 
you the fact that water-vapour is not a thing tljat t 
be seen in the air. Were the atmosphere above an^ 
around me at the present moment suddenly chilleda 
visible clouds would be formed by the precipitation i 
vapour now invisible. 

Some years ago, I stood upon the roof of the grea 
cathedral of Milan. The air over the plains of Lom 
bardy was then as pure and transparent as it is bets'] 
to-day. From ibe cathedral roof the snowy Alps are to ] 
be seen ; and on the occasion to which I refer, a light 
wind blew towards them. When this air, so pure and 
transparent as long as the sunny plains of Lombardy 
were imderaeath to warm it, reached the cold Alps, and 
was tilted up their sides, the aqueous vapour it con- 
tained was precipitated into clouds of scowling black-'- 
neaa, laden with snow. 

If you pour cold water into a tumbler on a finsR 
summer day, a dimness will be immediately produced 1 
by the conversion into water, on the outside surface otM 
the glass, of the aqueous vapour of the surroimding J 
air. Pushing the experiment still furlher, you i 
fill a suitable vessel with a mixture of ice and salt, 1 
which is colder than the coldest water. On the hot- 
test day In summer, a thick fur of boar frost is ' 
thus readily produced on the chilled surface of the I 
vessel. 

The quantity of vapour which the atmosphere con- J 
tains varies from day to day. In England, north* J 
easterly winds bring us dry air, because the wind, before ^ 
reaching ua, has passed over vast distances of dryl 
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land. Soiith-weaterly winds, on the other hand, coma 
charged with the vapour contracted during their pasfage 
over vast tracts nf ocean, Such winds, in England, 
produce the heaviest rains. 



And now we approach a question of very great in- 
terest. The condensed vapour which reaches the low- 
lands a.n rain, falls usually upon the summits as snow. 
To a resident among the Alps it is interesting to ob- 
serve, the morning after a night's heavy rain, a limit 
sharply drawn at the same level along the sides of the 
mountains, above which they are covered with snow, 
while below it no snow is to be seen. This limit marks 
the passage from snow to rain. 

To the monatain snow all the glaciers of the Alps 
owe their existence. By ordinary mechanical pressure 
BDOW can be converted into solid ice ; and, partly by its 
own pressure, partly by the freezing of infiltrated 
water, the snow of the mountains is converted into the 
ice of the glaciers. 

The great glaciers, such as the one now below me, 
have all large gathering grounds, great basins or 
branches where the snow collects and becomes gra- 
dually compacted to ice. Partly by the yielding of its 
own mass, and partly bj sliding over its bed, this ice 
moves downwards into a tiunk Viilley, where it forms 
what De Saussure calkd 'a glacier of the first order.' 
Such a glacier resembles a river with its tributaries. 
We may go further and affirm, with a distinguished 
writer on this subject, that ' between a glacier and a 
river there is a resemblance so complete, that it would 
be impossible to find, in the one, a peculiarity of motion 
which does not exist in the otiier.' 

Thus, it has been proved that owing to the friction 
of its sides which holds the ice back, the motion of a 
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placier is ewifteat at its ceiitre ; that because of the 
frictioD against ita bed, the surface of a glacier movea 
mnre rapidlj than ita bottom; that when the valley 
through which the glacier moves is not straight, but 
curved, the point of swiftest motion is shifted from its 
centre towards the concave side of the valley. Wide 
glaciers, moreover, are sornetimea forced through naiTOW 
gorges, after which thej widen again. At som.e distance 
below the spot where 1 now write is the gorge of the 
Maasa through which, in former ages, the great Ale tBcli 
glacier was forced to pass, widening afterwards, and over- 
spreading a large tract of country in its descent to the 
valley of the Rhone. All these facta hold equally good 
for a river. 

On summer days of cloudless glory, the air is sorne- 
timea still, and the beat relaxing upon the mountains. 
Tiie glacier is then in the highest degree exhilarating, 
Down it constantly rolls a torrent of dry tonic air, 
which forma part of a great current of circulation. 
From the heated valleys the light air rises, and comirig 
into contact with the higher snowa, la by them chilled 
and rendered heavier. This enables it to play the part 
of a cataract, and to roll down the gldcier to the valley 
from whieh it waa originally lifted by the aun. But | 
the action of the sun upon the Ice Itself is still more | 
impressive. Everywhere around you is heard the hum | 
of streams. Down the melting ice-slopes water trickles i 
to feed little streamlets at their basea. These meet j 
and form larger streams, which again, by their union, 
form rivulets larger still. Water of exquisite purity 
thus flows through channels flanked with azure crystal. 
The water, as if rejoicing in Its liberty, rushes along in 
rapids and mmbles in sounding cascades over cliffs of 
ice. The streams pass under frozen arches and are 
apanned here and there by slabs of rock which, acting ^ 



LIFE IN TBE ALPS. 



Z25 



i natural bridges, render the crossing of the torrent 
easy from aide to side. Sooner or later these torrents 
plunge with a tbuQilerous ^ound into clefts or sbafts, 
the latter bearing the name of ■nurulina or inilb, and 
thus reach the bottom of the glacier. Here the river 
produced by the melting of the eurface-ice rushes on 
UDseeii, coining to the light of day as the Rhone, or 
the Mas3a, or the Visp, or the Rhine, at the end of tha 
glacier. 

A sraall daik-coloured stone sinks into the ice, while 
a large stone protects the lee beneath it. Through the 
small stone the beat readily pasties by cooductioD to 
its lower surface and melts the ice underneath ; while 
the barrier offered by the large stone to the f-assage of 
the heat cannot be overcome. Round the large atone^ 
therefore, the exposed ice melis away, leaving the 
lock supported upon a stalk or pilhu- of prcit<!cted ice. 
Slabs of granite, having a surface of one hundred 
or two hundred square feet, are to be found at this 
moment poised upon pillars of ice on the Ober Aletsch 
glacier. Some of them are nearly horizontal. They 
are called ' tables,' and right royal tables tliey are for 
those privileged to feast upon them. Sand iilrcwn upon 
the glacier by the streamti also protects tbe ice. Tlie 
protected parts, being left behind, like the 'tjtbles,* 
form what are called the ' sand cones' of the gtacit^r. 
On the adjacent glacier there are cones from ten to 
twenty feet in height, and they sometimes re-ach an 
even greater elevation. On first seeing them, yrni 
would imagine them to be heaps of pure sand. But a 
stroke of the ice-aie allows the sand to Ije meridy tbe 
superficial covering of a cone of specially haid ice. 
The medial moraine, which stretches like a great Hl-xjIb 
serpent along the centre of the glacier now Ijelow iii^ 
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also protects the ice, causing it to rise as a spine wluco 
attains in some places a height of fifty feet above the 
surface of the glacier. 

It IB easy to miderstand that with a eubetance like 
glacier ice, when some parts of it are held back by 
friction, while other parts tend to move forward, strains 
must occur which will crack and tear the ice, forming 
clefts or fissures, to relieve the Btrains. The crevaasea 
of glaciers are thus produced. 

And here we have another conspicuous danger of 
the Alps. Crevusses have been the graves of many a 
gallant mountaineer. They are especially dangerous 
when concealed by roofa of snow, which is frequently 
the case in the liigber portions of the glncier. Of this 
danger my own experience furnishes examples not to 
be forgotten. Passing them by, I may mention that, 
during the present year, an esteemed English clergy- 
man was lost upon an easy glacier of the Engadine, 
through the yielding of a snow bridge ovpr which he 
was passing. The creviisse into which he fell could not 
have been deep, as he was able to converse with a com- 
panion above, and to make the tapping of his ice-axe 
heard. He did not, as far as I know, complain of 
being hurt, but desired bis companion to hasten to 
procure a rope. The distance to be passed over, how- 
ever, before the rope and the necessary help could be 
obtained, was considerable ; and when rope and help 
arrived, the clergyman was dead. 

A discussion followed in the newspapers as to the 
amount of blame to be assigned to the gentleman who 
went for the rope. It was said by one writer that he 
ought to have tied bis clothes together, and, by their 
aid, to have drawn up his friend. The reader of Mr. 
Laurence Oliphant's last remarkable volume will r&. 
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member that Mr. Olipliant was once lifted from a . 
dangerous position bj a device of this kind. 

I never lifted a man out of a crevasse by a rope of 
clotliea, but the lost guide to whom I have already re- 
furred, and myself, were once let down by euch a rope 
into a chasm, from which, by means of a real rope, 
which had been entombed with himself, we rescued a 
fellow-traveller. Even with the best of ropes, it would 
require a very strong single man above, and an ex- 
tremely expert ice-man below, to effect a rescue from a 
crevasae of any depth. In moat cases it would be impos- 
Bible. So that I think but little blame wag iiiuurred 
by the omission of the clothes-rope experiment. 

If a doubt be at all permitted, it must, T think, be on 
the ground that, having found rescuers, the gentleman 
failed to accompany them bat-k to the glacier. He 
pleaded exhaustion, and it is a valid plea. Wilh 
wider knowledge, however, he might, perhaps, have 
had himself carried to the glacier rather than remain 
behind. To a person dying of cold time is everything; 
and time may have been lost by the guides in 6nding 
the particular crevasse in which the unhappy traveller 
was entombed. The survivor, however, may have been 
abla to descriife with accuracy the position of the 
fissnre. If to, be wait in mj ofiialtm blameless. 

Taking iu whole tenor into account, the title of 
this article, ioalead of hning 'Life in the Alps,' might 
perhaps, with more appropriaUmess, have been ' J^ife 
ftnd Death in the Alps.' 



Sdpplewent, 1800. 
Thero remain two little points— the first of which I 
have not seen noticed elsewhere — ^which I should like,b^ 
fore we part, to mention to my * young companion.' On 
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the mountain-Blopes around my cMlet we Bometimea obi 1 
perve little vallejs, or couloirs, as the French call them, 
where the stones and boulders lying on the surface are I 
more crowded togetlier than elsewhere. They follow 1 
each other so as to suggest the notion that they are | 
moving in a regular stream down the couloir. But J 
when we observe them closely from year to year, w» I 
cannot find the slightest evidence of the sliding of the I 
stones. Walking over the hills, we soon detect another 
fact which proves that though no trace of slipping can 
be observed, a movement of the stones downward does 
undoubtedly take place. To prove this I take you to a 
grassy slope, with a great number of boulders strewn 
over it. I select one of the largest of these, a boulder 
thirty or forty tons in weight, and ask you to look 
closely at the slope behind it. For a considerable dis- 
tance, say one hundred yards, upwards there is a graaa- 
covered fiurow correspouding in width to the size of the 
stone. Look now to the front of the boulder. Sodaj 
and smaller stones are piled up in front. You cannot I 
resist the conclusion that the furrow behind marks the I 
track along which the boulder has moved, and that thai 
sods and stones in front have been pushed up by thft I 
boulder in its descent. Turning to other stones in the- 
neighbourhood, we find them all, more or less, in ttii«'] 
condition. The whole crowd of stones is, in fatst^-J 
moving slowly down the slope of the mountain, 
yet, even by the closest scrutiny, you can never find anyl 
trace of frejib earth which the stone has recently quitted 
The growth of the grass appears to be as quick as i 
motion of the boulder, thus destroying all obvioi 
evidence of m«re sliding. 

I do not myself doubt that the motion takes plat 
mainly in the spring, when the melting snows rendeXv 
the soil upon the slopes particularly soft and yielding jg 
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yet the displacement in a single year cannot be much 
more than a hair's- breadth. Looking abroad, we discern 
still larger evidences of imperceptible motion. We find 
rocks cracked across, cavities formed, crevasses gaping, 
and separated from each other by wrinkled soil; the 
whole leaving no doubt upon the mind as to the slow 
motion of the whole surface of this mountain downwards. 
And when we esamine the outlines of the hills, we fiud 
that this sliding down must, in former age?, have oc- 
curred on a vast scale. The torrents which furrow the 
mountains, and which sometimes cut great chasms in 
their sides, carry, in the long run, both sliding stones 
and moving earth to lower levels. 

We have now come to our concluding observation. 
On the 25th of September, 1890, my friend M. E. 
Sarasin, of Geneva, and myself, had the good fortune 
to witness a rare and be.iutiful phenomenon. The sun 
was sloping to the west, and the valley below us, in 
which lies the great Aietsch glacier, was filled by a 
dense fog. Standing in a certain position, with the 
Bun behind us, we saw, swept through the fog in front 
of UB, a grand colourless arch of light. It occupied a 
position close to that which an ordinary coloured rain- 
bow might have occupied. Twice in England, and 
twice only, I have seen this wonderful luminous hand — 
the first time, in company with my wife, on the high 
moorland of Hind Head. The white how was first de- 
Boribed by the Spanish navigator, d'UUoa, after whom 
it is named. Its explanation can only be briefly in- 
dicated here. Along with the true rainbow, and within 
it, there are usually produced a number of other Lows, 
by what l)r. Young named the ' interference of light.' 
They are called supernumerary bows. \Mien the rain- 
drops are all of the same size, and exceedingly small, 
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the colours of these bows expund and overlap each otliBf, 
producing by their misture the uncoloured white bow. 
Wq sometimes hear of fog bows,' but it may be doubted 
whether true impalpable fog can produce a bow. At 
all events, we may have very dense fogs with all the 
conditions of light necessary for producing the bow, 
without its appearance. A sensible drizzle must be 
mixed with the fog when the bow is produced. 

On the occasion to which I have referred, my friend and 
I noticed another singular phenomenon, which is usually 
known as the ' Spectre of the Erocken.' The Brocken, 
or Blocksberg, is a mountain in Germany rendered 
famous by the poet Goethe. As I stood with my back 
to the sinking sun, my shadow waB cast on the fog 
before me. It was surrounded by a coloured halo, i 
When I stood beside my friend, our shadows were 
seen with an iridescent fringe. We shook our heads; 
the shadows did the same. We raised our arms and 
thrust our ice-axes upwards; the shadows did the same. 
All our motions, indeed, were imitated by the shadows, i 
They appeared like gigantic spectres in the mist, thui ^ 
justifying the name by which they are usually known. 
The combination of the Brocken spectre and white bow 
constituted a most striking phenomenon. 
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E have already spent what I trust baa proved to 
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you an agreeable and instructive half-hour over 
water in its solid form. We have conversed about the 
behaviour of those vast collections of ice which go by 
the niime of glaciers, tracing tbeni to their origin ia 
mountain snow. Closely compacted, but still retain- 
ing a certain power of motion, the snow passes from 
the mountuin-slopes and reservoirs where it was first 
collected into the valleys, through wliich, becoming 
more and more compacted, it moves as a river of ice. 
From the end of this solid river always rushes a liquid 
one, rendered turbid by the fine matter ground from 
tho rocks during the descent of the glacier. An effect 
which I thought remarkable when I first saw it may 
be worth mentioning here. Thirty-two years ago I 
followed the river Rhone to the place where it enters 
the Lake of Geneva. The water of the lake is known. 
to be beautifully blue, and I fancied beforehand that 
the admixture of the water of the Rhone must infal- 
libly render the lake turbid. To my surprise, there 
was no turbidity observable. A moment's reflection 
rendered the reason of this obvious. The Rhone water, 
rushing from its parent glaciers, was colder, and there- 
fore heavier, than the water of the lake. Instead of 
mixing with the latter, it sank boucath it, disposing 
of itself along the bottom of tlie lake, and leaving tha 
iurface-water with its delicate azure unimpaired. 

I propose now to talk to you for half an hour about 
> Written for The Yoath't Compaidon. 
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water in its more common and domestic forms. On A 
the importance of water it is not necessary to dwell, 
for it is obvious tliat upon its presence depends the lifii 
of the world. As an article of human diet, its impor-> 
tance is enormous. Not to speak of fruits and vege- 
tables, and confining ourselves to flesh, every four 
]K)unds of boneless meat purchased at the butcher s shop 
contain about three pounds of water. I remember 
Mr, Carlyle once describing an author, who was making 
a great stir at the time, as 'a weak, watery, insipid 
oreature.' But, in a literal and physical sense, we are 
(ill ' watery.' The muscles of a man weighing one bun- 
tired and fifty pouuds weigh, whan moist, sisty-four , 
jiounda, but of these nearly fifty pounds are mere | 
water. 

It is not, however, of the water compacted in the 
muscles and tissues of a man that I am now going to 
speak, but of the ordinary water which we see every- 
where around us. Whence comes our drinking-water? 
A little reflection might enable you to reply : — ' If you 
go back far enough you will find that it comes from 
the clouds, which send their rain down upon the earth.' 
'But how,' it may be asked, 'does the water get up 
into the cloud region ? ' Your reply will probably be, 
' It is carried up by evaporation from the waters of the , 
earth.' 

A great Roman philosopher and poet, named Lucre- J 
tius, wrote much about atoms, which he called 'tha-l 
First Beginnings.' When it was objected that nobodjf. | 
could see the atoms, he reasoned in this wayi — 'Hanj^ 
out a wet towel in the sun, and after some time yo^'H 
will find that all the water has gone away. But yoW^ 
cannot see the particles of the water that has thus diB>J 
appeared. Still, it is perfectly certain that the ¥ 
which, when put into the towel, could be seen, and fi 



ABOUT COMMON WATER. 933 

and tasted, and weighed, must have escaped from the 
towel in this invisible way. How, then, can you ex- 
pect me to show you the atoms, which, as they are the 
iirst beginnitjga of things, are probably much smaller 
than your " invisible " particles of water ? ' 

In thia invisible state, to which water may be re 
duced, it is ciiUed aqueous vapour. 

Let it then be admitted that water rises into the 
air by evaporation; and that in the air it fofms the 
clouds which discharge themselves upon us as rain, 
hail, and snow. If you look for the source of any great 
American river, you will find it in some mount a in -land, 
where, in its infancy, it is a mere stream. Added to, 
gradually, by other tributary streams, it becomes 
broader and deeper, until finally it reaches the noble 
magnitude of the Mississippi or the Ohio. A consider- 
able portion of the rain-water sinks into the earth, 
trickles through its pores and fissures, coming here and 
there t-o light as a pellucid spring. We have new to 
consider bow ' spring-water ' is affected by the rocks, or 
gravel, or sand, or soil, through which it passes. 

The youths who choose this journal for a 'com- 
panion ' know already that Mrs. Tjndall and myself are 
lovers of the highlands. I tried last year to give them 
some notion of ' Life in the Alps.' Well, here in Eng- 
land, Alpine heights are not attainable ; but we have 
built our house upon the highest available land within 
two hours' of London. Thousands of acres of heather 
surround us, and storms visit us more furious than 
those of the Alps. The reason is, that we are here on 
the very top of Hind Head, where the wind can sweep 
over us without impediment. 

There is no land above our bouse, and therefore 
there are no springs at band available for our use. 
But lower down, in the valleys, the springs burst forth, 
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providing the people who live near them with the 
brightest and purest water. These happy people havt* 
all my luod, and all the high surrounding land, as a 
collecting-ground, on which the rain falls, and from 
which it trickles through the body of the hill, to appear 
at lower levels. 

What, then, am I obliged to do ? It stands to 
reason that if I could bore down to a depth lower than 
the springs, the water, instead of flowing to them, 
would come to me. This is what I have done. I have 
sunlc a well two hiuidred and twenty-five feet deep, and 
am thereby provided with an unfailing supply of the 
most delicious water. 

The water drawn from this well cornea from what 
geologists call the greensand. Within sight of my 
balcony rise the well-known South Downs, which are 
hills of chalk covered with verdure. Now, if a bucket 
of water were takeD from my well, and a similar bucket 
from a well in the South Downs, and if both buckets 
were handed over to a laundress, she would have no 
difficulty in telling you which she would prefer. With 
my well-water it would be easy to produce a beautiful 
lather. With the South Downs well-water it woidd be 
very difficult to do so. In common language, the one 
water is soft, like rain-water, while the other is hard. 

We have now to analyse and understand the mean- 
ing of ' hard water,' and to examine some of its effects. 
Suppose, then, three porcelain basins to be filltyl, tho 
- 6rst with pure rain-water, the second with greensand- 
water, and the third with chalk-water; all three waters 
at first being equally bright and transparent. Suppose 
the three basins placed on a warm hob, or even exposed 
to the open air, until the water of each bpsin has whollyt ' 
evaporated. In evaporation the water only disappears ; 
the mineral matter remaina. \\^hat, then, is the result ? 
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In the vain-water I>asin you have nothing left behind ; 
ill the greensand- water basin you have a sinall residue 
of solid mineral matter; in the chalk-water basin you 
liave a comparatively large residue. The reason of thia 
U that chalk ia soluble in rain-water, and dissolves in 
it, like sugar or salt, though to a far less extent ; while 
the water of my well, coming from the greensand, 
which is hardly soluble at all, is almost as soft as rain- 
water. 

The simple boiling of wafer is sufficient to precipi- 
tate a considerable portion of the mineral matter dis- 
solved in it. One familiar consequence of this is, that 
kettles and boilers in which hard water is used become 
rapidly incrusted within, while no such incrustation is 
formed by soft water. Hot-water pipes are sometimes 
choked by such incrustation ; and the boilers of 
steamers have been known to be so thickly coated as to 
prevent the access of lieat to the water within them. 
Kot only was their coal thus wasted, but it has been 
found necessary in some cases to bum the very spars in 
order to bring the steamers into porL 

There is no test of tlie presence of suspended matter 
in water or air so searching and powerful as a beam of 
light. An old English writer touched this point when 
he said ! — 'The sun discovers atomes, though they be 
invisible by candle-light, and makes them dance in 
hia beams.' In the purest water — it may be filtered 
wat^r; it may be artificially-distilled water; it maybe 
water obtained by the melting of the purest ice— a 
sufficiently strong searching beam reveals suspended 
II .after. I have done my best to get rid of it, but can 
hardly say that I have completely succeeded. 

Differences in quantity are, however, very strikingly 
levealed. 'When, in a darkened study, I send a con- 
centrated beam through our well-water, after boiling. 
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it appears turbid ; sent through the South Downs well- 
water, it appears muddy, bo great is the quantity of 
chalk precipitated by the boiliog. The mere exposure 
of hard water to the open air, where it can evaporate, _ 
softens it considerably, by the partial precipitation of I 
the mineral matter which it held in Bolution. 

This last observation is important, because it en- 
ables us to explain many interesting and beautiful 
effects. In chalybeate springs, iron is dissolved in the 
water. Round about such springs, and along the rivu- 
lets which flow from them, red oxide of iron — iron rust 
- — ifl precipitated by the partial evaporation of the 
water. In Iceland, ihe water of the Great Geyser holds 
a considerable quantity of flint or silica in solution. 
By a. most curious prwess of evaporation this silica, as 
shown by Bunsen, has been bo deposited as to enable ■■ 
what was at first a simple spring to build up, gradually, f 
the wonderful tiibe of the Geyser, which is aeveuty- 
four feet deep and ten feet across, with a smooth basin, ^ 
sixty feet wide, at the top. 

Again, the great majority of our grottoa and cavea I 
are in limestone rock, which, in the course of ag 
been dissolved away by a stream. To the present hour J 
are to be found, in moat of these caves, the streams-l 
which made them. I have been through many of them, ^ 
but tlirough none which can compare in beauty with I 
St. Michael's Cave in the Rock of Gibraltar. From, J 
the roof hang tapering stalactites, like pointed spears. | 
From the floor rise columnar stalagmites. The stalao- I 
tites gradually lengthen, while the stalagmites gradi*- 
elly rise. In numerous cases stalactite and stalagmite 
meet, the sharp point of the former resting upon the 
broad top of the latter. Holumus of singular beauty^^ 
reaching from floor to roof, are thus formed. Stalai 
tites and stalagmites are to be seen in all phases of theil 
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ipproacli towards each other; from the little spenr, 
beginning like a small icicle in the loof, and tho little 
mound of Btalrtgmite on the floor, exactly underueiit.li, 
up to the actual contact of botli. The pillars and spears, 
the arches and corridors, the fantastic stone drapery, 
Uie fretted figures on the walla— all contribute to pro- 
dipce an eBect of extraordinary magnificence. 

What is the cause of the wonderful architecture and 
dt-coiation of St. Michael's Cave? Prob.iiilj' BOme of 
my clever readers will have anticipated both this ques- 
tion and its answer. The rain, charged with its modi- 
cum of carbonic acid by the air, falls upon the liinestoue 
rock overhead, percolates through it, dissolves it, and, 
thus laden, reaches the roof of the cave. Here it is 
exposed to evaporation. The dissolved solid is, in part, 
deposited, and the base of the stalactite is planted 
against the roof. The charged water continues to drip, 
and the stalactite to lengthen. Escaping from the 
point of the stalactite, the drop falls upon the floor, 
where evaporation continues, and mineral matter is de- 
posited. The staliigmite rises ; the mound becomes a 
pillar, towards which the spear overhead accurately 
points, until, in course of time, they unite to form a 
column. 

A similar process goes on over the fretted walls. They 
shine with the water passing over them. Each water- 
film deposits its infinitesimal load, the quantity de- 
posited here and there depending on the inequalities of 
the surface, which cause the water to linger longer, and 
to deposit more at some places than at others. 

The substance most concerned in the production 
of all this beauty is called by chemists carbonate of 
lime. It is formed by the union of carbonic acid and 
lime. What lime is, of course, you already know 
compiinion, carbonic acid, is, at ordinary temperatures, 
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a very heavy gaa. It effervesces in soda-water, and il 
constitutes a portion of the breath exhaled from the 
lunga. The weight of the gas, aa compared with 
air, may be accurately determined by the chemidt's 
bahiDce, 

But its weight naay also be shown in the following 
way. Let a wide glass shade be turned upside down, 
and filled with carbonic-acid gas. This is readily done, 
though when done you do not see the gas. Well, iron 
sinks in water, because it is heavier than water ; it 
Bwima on mercury, because it is lighter than mercury. 
For the same reason, if you blow a soap-bubble and 
dexterously shake it off, so that it shall fall into the 
glass shade, it is stopped at the top of the shade, bob- 
bing up and down, as if upon an invisible elastic 
cushion. The light air floats on the heavy ga&J 
Almost any other acid, poured upon chalk or marble, f 
lib<!rates the carbonic acid. Its grasp of the lime ial 
feeble, and easily overcome. When we dissolve audi 
mis a common soda-powder, the tartaric acid tuTOB lh»1 
weaker carbonic acid out of doora. 

Many natural springs of carbonic acid have beeir| 
discovered, one of which I should like to introduce t 
your notice. In the neighbourhood of the city i 
Naples there is a cave called the Grotto del Ga/ne, i 
name given to it for a curious and culpable reason^ 
During one of the emptions of Vesuvius I paid a 
in company with two friends, to Naples, and went t 
see, among the other sights of that wonderful regioOi 
the Grotto of the Dog. At a place adjacent we met i 
guide and some other visitors. At tlie heels of th$i1 
guide was a timid little quadruped, which, for thetimejl 
being, was the victim that gave the cave its name. W^l 
could walk into the cave without inconvenience, knon^f 
ing, at the same time, from the descriptions we haj 
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lieard and read, that oar feet were plunged ia » stre«i:K 
of heavy carbonic acid floving along the bott>.>ta of tbA 
cave. The poor little dog, much a>;aiast its «U1, waft 
brought into the grotto. The stream of carbooio imkI 
was not deep eaoitgli to cover the aniuial : its mas 
accordingly, pre:?sed its head imder the suffiwating gaa. 
It struggled for a time, but soon became mi^tionlesa 
— apparently lifeless. Taken into the air outsida, 
through a series of convulaionB painful to look tipoo^ '. 
it returned to life. 

The experiment is a barbarous one, and ought not 
to be tolerated. There are many ways of siitislYiiig 
the curious, without cruelty to the dog, I made tha 
following experiment, which seemed to surprise tho by- 
Btanders. Placing a burning candle near the bottom 
of my hat, in the open air outside the cave, I boiiuwed 
a cap, and by means of it ladled up the heavy gas. 
Pouring it from the cap into the hat, the light wat 
quenched as effectually as if water had been poured 
upon it. Made with glass jars instead of bats, this is a 
familiar laboratory experiment. 

Wb must now proceed slowly forward, making our 
footing sure as we advance. Lime is spnringly »<i>luble 
in water, giving it a strong acrid taste. Lime-water 
is as clear aa ordinary water; the eye disceroa n-t differ- 
ence between them. And now I wuut to point out to 
you one of the ways in which the carbonate of lime, 
which we have been speaking of, may lie formed. 

I suppose you to have before you a tumbler, or 
beaker, filled with clear lime-water. By means of a 
pair of bellowa, to the nozzle of which a glass tube is 
attached, you can cauae pure air to bubble through tha 
lime-water. It continues clear. You have been juat ' 
informed that the breath exhaled from the liiiign oon- 
taina carbonic acid, and if this acid be brought into 
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contact with lime, carbonate of lime will be formed. 
Knowing this, you can make the following experi- 
ment: — Drawing your breath inward so as to fill your 
lungs, you breathe, by means of a glosa tube, through 
the lime-water. Before you have emptied your lungs the 
clear lime-water will have become quite milky, the milki- 
nesa being due to fine particles of carbonate of lime — -J 
otherwise chalk — formed by the union of the carboni«« 
acid of your breath with the lime of the water. 

Take a well-corked champagne-bottle, from which 
the wine has been half removed, but which still re- 
tain?, above the remaining wine, a quantity of carbonic- 
acid gas. It is easy to devise a means of causing thi 
gas to bubble through lime-water, A heavy white pre 
cipitate of chalk is immediately formed. 

We now come to a point of great practical impor*9 
tance. The carbonate of lime exists in two formsq 
the simple carbonate, of which clialk is an example 
which embraces a certain amount of carbonic acid ; 
the bicarbonate, which contains twice as much, 
the bicarbonate is far more soluble in water than tin 
simple carbonate. Pure water dissolves only an exa 
tremely small quantity of the simple carbonate of Ij 
But carbonic acid is sparingly diffused everywhere 
tliroughout our atmosphere, and rain-water alway^^ 
carries yith it, from the air, an amount of carboniq 
acid, which converts the simple carbonate of the e 
into the bicarbonate, of which it can dissolve a con. 
siderable quantity. Every gallon of water, for examples 
taken from the chalk contains more than twenty grai 
of the dissolved mineral. 

By boiling, or by evaporation, this bicarbonate j 
re-converted into the insoluble carbonate, which rendef 
our flasks of boiled chalk-water turbid, forms ii 
tions in our kettles, and deposits itself as stalactites a 
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cavea. But tli^re u 
: bgcarbuDKte into the 
f cf oaf atteciUoo. It 
I befuro be dx- 
. be aftarwurdit 
lthattfa«i!liallc- 
I M Inoriwiutc, it ia plain 
I of half it« car- 
e it to tbedtuple carboDate, 
( whoUf ifuoluUe. 
T1uakliKBnUcr#«HS little. What we have to 
eomtBt is sb eiceHof eafbwic acid. Liine-watvr, with- 
iiot any cariKxiie acid, ij easily prepared. Suppose, 
then, that «e add to aor chalk-water, witli its doubla 
dose of carb(«ie acid, aonie pure iime-water ; what 
would you expect? Yon would, at ail events, tliiiik it 
probable that the bicaibooate of the cbaili- water would 
give up its ezceM of carbonic acid to the lime, and 
aivume the eondition of the simple carbonate, which, 
because of its insolubility, would be precipitated aa a 
white powder in the water. And, because chalk ia 
heaTJer th^n water, you would conclude that the powder 
would Bink to the Iwttom, leaving a clear, softened 
water overliead. Thus reasoned Dr. Clark, of Aberdeen, 
when he invented hia lieautiful process of softening 
wiiter on a large scale. I have myself seen the process 
ai>plied with success in various chalk-districta in 
England. 

Let us make a calculation. Every pound of chalk 
contains nine ounces of lime and iieven ouncoB of car- 
bonic acid. Dissolved by rain-wattir, thiit nimpla 
carbonate becomes bicarbonate, wljcra every nins 
ounces of lime combine with fourteen oiincfli of car- 
bonic acid. If, tbeu, a quantity of pure llmfl>Wiitiif 
containing nine ouncei of time lie nddod to ttjcit 
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twenty-three ounces of bicarbonate eolution, the lime 
will seize upon eeven ounces of the fourteen, and form 
two pounds of the nearly insoluble carbonate. In other 
words, nine ounces of lime can precipitate thirty- 
ounces of chalk. Counting thus on a large scale, 
find that a single ton of lime, dissolved in- lime-wat 
sufBccB to precipitate three and a-half tons of the 
carbonate, 

Let rae now describe to you what I saw at Can1 
bury, where works for the softening of water were 
constructed by the late Mr. Homersham, civil engineer. 
I found there three reservoirs, each capable of contain* 
ing one hundred and twenty thousand gallons of wati 
There was also a fourth, smaller cistern, containing 
and lime in that state of fine division which is calli 
'cream of lime.' The mixture of water and lime 
violently stirred up by cniTeuts of air driven throi 
it. Brought tiius into intimate contact with evi 
particle, the water soon takes up all the lime it 
dissolve. The mixture is then allowed to stand ; 
eolid lime falls to the bottom, and the pure lime-wat< 
collects overhead. 

The softening process begins by introducing 
measured quantity of this lime-water into 
larger cisterns. The hard water, pumped directly fr< 
the chalk, is then permitted to fill the cistern. Win 
they come together, the two clear liquids form a 
of thin whitewas^h, which is permitted to remain quit 
tor twelve ot, still better, for twenty-four hours. Th( 
carbonate of lime sinks to the bottom of the reservoii 
covering it as a fine white powder ; while above it is 
water of extreme softness and transparency, and of tl 
most delicate blue colour. This water harbours 
organisms. Properly conducted to our homes, no ii 
fectious fever could e^'er be propagated by such watt 
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Blue is the natural colour of both water and ice. 
On the glaciers of Switzerland are found deep shafts 
aotl lakes of beautifully blue watar. The most striking 
example of the colour of water is probably that furnished 
by the Blue Grotto of Capri, in the I5ay of Naples. 
Capri is one of the islands of the Bay. At the bottom 
of one of its sea-cliffs there is a small arch, barely 
sufficient to admit a boat in fine weather, and tliroiigli 
this arch you pass into a spacious cavern, the nails and 
water of which shimmer forth a magical blue light. 
This light has caught its colour from the water through 
which it has passed. The entrance, as just stated, is 
very small j so that the illumination of the cave ia 
almost entirely due to light which has plunged to the 
bottom of the sea, and returned theuce to the cave. 
Hence the exquisite azure. The white body of a diver 
who plunges into the water for the atniiseuient of 
viBitors 13 also strikingly affected by the coloured 
liquid through which he moves. 

Water yields so freely to the hand that you might 
suppose it to be easily squeezed into a smaller space. 
That this is not the case was proved more than two 
hundred and sixty years ago by Lord Bacon. He filled 
a hollow globe of lead with the liquid, and, soldering up 
the aperture, tried to flatten the globe by the blows of 
a heavy hammer. He continued hammering ' till the 
water, impatient of further pressure, exuded through 
the solid lead like a fine dew,' Water vra,a thus proved 
to offer an immense resistance to compression. Nearly 
fifty years afterwards, a similar experiment, with the 
same result, was made by the members of the Academy 
Del Cimento in Florence. They, however, used a globe 
of silver instead of a globe of lead. This experiment is 
everywhere known as ' tbe Florentine experiment ' j 
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but Ellis and Speddiug, the emiDent biograpben ofl 
Bacon, bave clearly shown that it ought to be called' t 
' the Baconian experiment.' 

Tills stubhornneBS of water in the liquid condition 
has a parallel in its irresistible force when passing from 
the liquid into the solid state. Water expands in 
solidifying; and ice floats on water in consequence of 
this expansion. The wreck of rocks upon the summitB 
of some mountains is extraordinary. Scawfell Pike in 
England, and the Eggifichhorn and Sparrenhorn in 
Switzerland, are cases in point. Under the guise of 
freezing water, a giant stone-breaker has been at work 
upon these hciglitf'. By his remorseless power, even 
the great and fatal pyramid of the Matterhom ia 
smashed and riven from top to bottom. I once lay in 
a tent for a night near a gully of the Matterhom, and 
heard all night long the thunderous roar of the stone- 
avalanches which sweep incessantly down this mountain. 

On the slopes Burrounding our Alpine home we find 
heaps and mounds, where slabs and blocks are piled 
togetlier in appaient confusion. But we soon come to 
the sure and certain conclusion (hat these severed pieces 
are but parts of a once coherent rock, which has been 
shattered by the freezing of water in its fissures and its 
pores. 

When the Revered masses are large, they are some- 
times left poised as ' rocking-s tones.' A favourite 
excursion of ours in Switzerland takes us along a nobis ■ 
glacier, to the baiie of the great final pyramid of ths 
Aletschhorn. There, a few years ago, was to be found i 
a huge rock, with a horizontal upper surface so spaciouit. " 
that twenty of us have sometimes lunched upon it 
together. Literally as well as technically, it was a 
noble ' glacier- table.' That great boulder, of apparently 
iron 'strength, is now reduced to fragments by tha 



ABOUT COMMON WATER. 345 

universal pulveiiser — freezing water. I aay pulveriser ; 
for, over and above ita work of destruction upon tiie 
moiintaina, has it not disintegrated the bare roi'ks 
of the ancient earth, and thua produced the soils 
which constitute the bases of the whole vegetable 
world ? 

When water passes from the liquid to the solid 
condition, it is usually by a process of architecture so 
refined aa to baffle our most powerful microscopea. 
I never observe without wonder this crystalline 
architecture. Look at it on the window-panes, or on 
the flags over which you walk on a frosty morning. 
Nothing can exceed the beauty of the branching forms 
that overspread the chilled surfaces. Look at the 
feathery plumes that sometimes sprout from wood, or 
cloth, or porous stones. The reflecting mind cannot 
help receiving from this definite grouping and ordering 
of the ultimate particles of matter suggestions of the 
most profound significance. 

Many months ago I. read a stanza from your de- 
lightful poet, Biyant, wherein he refers to the ' stars ' 
of snow. Those stellar forms of falling snow repeat 
themselves incessantly. I have seen the Alps in mid- 
winter ladeu with these fallen stars; and three or four 
days ago, they showered their beauty down upon me in 
England. Dr. Scoresby observed them in the Arctic 
regions, and Mr. Glashier has made drawings of them 
nearer home. 

The ice-crystal is hexagonal in form, and the snow- 
stars invariably shoot fortli six rays. The hexiigonal 
architecture is carried on in the formation of common 
ice. Some years ago I set a large lens in the sun, and 
brought the solar rays to a focua in the air. I then 
placed a slab of pure ice across the coDvergent beam. 
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Spaxks of light, apparently generated by the beam, 
immediately appeared along its track. 

Examining the ice afterwards with a magnifying- 
lens, I found that every one of those brilliant points 
constituted the centre, or nucleus, of a beautiful liquid 
flower of six petals. There was no deviation from this 
number, because it was inexorably bound up with the 
crystalline form of the ice. 

Thus, in a region withdrawn from the inattentive 
eye, we find ourselves surprised and fascinated by the 
methods of Nature, 
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It IB an age of ' RemiDiscenceB ' ; known to me, in 
great part, through estmcts and reviews. Fleasaut 

reading, in their fulnts?, many of these reeorda must 
Burely he. Carlyle has given ua his ' Reminiscences ' — 
written, alas 1 when he was but the hull of the true 
Carlyle, Still, methinks the iudignation thereby aroused 
WEB out of proportion to the offence. It la not, how- 
ever, my task or duty to defend the * KeminiBcenoes,' 
In clearer and happier moments, Carlyle himself would 
have recoiled from publisliing their few offending pages. 
When they were written, all things were seen by him 
thi'ough the mpdium of personal suffering, phynical 
and mental. This lurid atmosphere defaced, blurred, 
and Hometimea inverted like mirage, his coaaL-line of 
memory. The figure of himself, standing on that 
quivering and deluaive shore, has suffered more from 
the false refraction than anything else, With the 
pierring insight which belonged to him all this, in 
healthier hours, would have been seen, weighed, and 
rectified by Carlyle himself. 

Vast is the literature which has grown around the 
meujory of this man. It ia not my desire, or intention, 
to i-ensibly augment itsvolume. I wish merely to con- 
tribute a few memorial notes wl)icli I nm unwilling to 
let die, but which, in presence of what has gone before, 
are but as a pebble dropped upon the summit of a tor. 

' Written for tbe most part from lacnior]' !□ tbe Alps, 1SS9, anA 
publisbed in the I'erlnigktij/ Retitrc. Jnoanry, ISUO. 
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There are amongBt ub eminent men who knew Carlyle 

longer, and who saw him oftener, than I did — whose 
store of memories is therefore fer larger than mine. 
But it waa my fortime, during Bome of the most im- 
pressive phases of his life, to be very close to Mm ; and 
though TOj visits to his home in Chelsea, and onr com- 
mon ramhles in London and elsewhere, were, to my 
present keen regret, far fewer than either of us wished 
them to be, they gave me some knowledge of hia inner life 
and character. Better however than in any formal record, 
that life is to be sought and found in hia imperishable 
works. There we best see the storm of his passion, the 
depth of his pity, the vastness of his knowledge — hia 
humour, bis teDdemesB, his wisdom, his strength. A» 
long as men continue capable of appreciating what is 
highest in literary achievement, these works must bold 
their own. 

When, before a group of distinguisbed and stead- 
fast friends, the statue of Carlyle was unveiled on iha 
Thames Embankment, I briefly referred to my first 
acquaintance with his works. 'Past and Present,' the 
astonishing product of seven weeks' fierce labour in the 
early part of the year, was published in 1843; and 
soon after its publication I met some extracts from the 
work in the Preston newspapers. I chanced, iudeed, 
to he an eye-witness of the misery which at that time 
BO profoundly moved Carlyle. With their hands in 
their pockets, with nothing in their stomachs, but 
with silent despair fermenting in their hearts, the 
'hunger-stricken, pallid, yellow-coloiired' weavers of 
Preston and the neighbourhood stalked moodily through 
the streets. Their disconlent rose at length to riot, 
and some of them were shot down. Such were the 
oircnmetancea under which Carlyle appealed to Exeter 
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TTall, with its Bchemea of beneticence for aLoriginea 
far away, 'These yellow- coloured for the present 
abeorb all my Bympatbies, If I had a twenty millioDs 
with model farms and Nii^er expeditions, it is to them 
I would give it.' Under the same circumstances he 
warned hia ' Com-Jawing frienda ' that they were driving 
into the frenzy of Socialism 'every thinkiDg' man in 
England.' With my memory of the Preston riots Btill 
vivid, I procured ' Past and Present,' and read it per- 
severingly. It was far from easy reading ; but I found 
in it strokes of descriptive power onequalled in my 
experience, and thrilla of electric splendour which 
carried me enthusiastically on. I found in it, more- 
over, in political matters, a morality bo rifjhteoua, a 
radicalism so high, reasonable, and humane, as to make 
it clear to me that without truckling to the ape and 
tiger of the mob, a man might hold the views of a 
radical. 

The first perusal of the work gave me but broken 
gleams of its scope and aim. I therefore read it a 
second time, and a third. At each successive reading 
my grasp of the writer's views became stronger and 
my vision clearer. But even three readings did not 
satisfy me. After the last of them, I collected econo- 
mically some old sheets of foolscap, and wrote out 
thereupon an analytical suiximaiy of every chapter. 
M'hen the work was finished I tied the loose sheets 
together with a bit of twine and stowed them away. 

For many years they remained hidden from me. I 
had passed through the railway madness of the ' forties,' 
emerging sane from the delirium. I had studied in 
Germany, had lectured at the Rojal Institution, and 
in 1853 had been appointed its Professor of Natural 
Philosophy. For fifteen years I had enjoyed the 
friendship of Faraday, whose noble and illustrious life 
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came to an end in 1867, on HamptoQ Court Green. 

Keverently, but reluctantly, I took his place as Super- 
intendent of the Royal Institution, vastly preferriug, 
if it could have heeo bo arranged, to leave Mrs. Fara- 
day in undisturbed possefsion of the rooms which hart 
been her happy home for six-and-forty years. The 
thing, however, could not be. On returning from one 
of my Alpine expeditions I found at the entrance of 
the place which had been occupied successively by 
Davy and Faraday, my name upon the wall. It waa 
to me more of a shock than a satisfaction. 

The change, however, brouglit me nearer to Carlyle ; 
and to Albemarle Street from time to time he wended 
his way to see me. Once he found me occupied, not 
with a problem of physics, but with a question of biology 
of fundamental import. The origin of life was, is, and 
ever will be, a question of profoundest interest to 
thoughtful men. In the early 'seventies' I was busy 
experimentiog on this question, my desire being to 
bring to bear upon it physical methods which should 
make known the unmistakable verdict of science re- 
garding it, and thus abolish the doubt and confusion 
then existing. Permitting air to purify itself by the 
subsidence of all floating motes, so that the track 
through it of a sunbeam, even when powerfully concen- 
trated, was invisible, infusions of meat, fisb, fowl, and 
vegetables were exposed to such air and found inca- 
pable of putrefaction. The vital oxygen was still there; 
but with the floating motes, the seminal matter of tlie 
atmosphere had vanished, and with it the power of 
generating putrefactive organisms. The organisms, in 
other words, required the antecedent seed — there waa 
no apontaneoua generation. By means of gaa stoves 
rooms bad been raised to the proper temperature, an'l 
into one of these rooms, which was stocked with my , 
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moteless chamTjera, 1 took Mr. Carlyle. He listened 
with profound attention to the explanation of the ex- 
perinaente. Thej were quite new to him ; for microbes, 
baciUi,a,ud bacteria were not then the household words 
which they are now. I could notice amazement in his 
eyes aa we passed from putrefaction to antiseptic 
Burgery, and from it to the germ theory of communi- 
cable disease. To Carlyle life was wholly mystical — 
incapable of explanation^and the conclusion to which 
the experiments pointed, that life was derived from 
antecedent life, and was not generated from dead 
matter, fell in with his notions of the fitness of things. 
Instead, therefore, of repelling him, the experimpnta 
gave him pleasure. 

After quitting the laboratory I took my guest up- 
stairs, and placed him in an armchair io front of a 
cheerful fire. The weather was cold, and I therefore 
prepared for him a tumbler of mulled claret. Aud 
now we arrive at the cause which induces me to speak 
thuB early of a late event. About a fortnight prior to 
this visit, while rummaging through a mass of ancient 
papers, I had come upon the long-lost sheets of foolscap 
which contained my aualysis and summary of the various 
chapters of ' Past and Present.' The packet, tied with 
twine as aforesaid, and bearing the yellow tints of age, 
lay in an adjacent drawer. At length I said to him, 
'Now you shall see something that wiU interest and 
amuse you.' I took the ragged sheets from the drawer, 
told him what they were and how they had originated, 
and read aloud some of the passages which had kindled 
Bie when young. He listened, sometimes clinching a 
paragraph by a supplement or ratification, but fire- 
(|uently breaking forth into loud and mellow laughter 
at his own audacity. It would require gifts greater 
even than those of Boswell to reproduce Carlyle. I 
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tliiiik it w'aa my sagacious friend, Lady Stanley of Aider* 
ley, who once inniarked to me that iu the reported 
iiMeriuiui'S of Curlyle we miss the deep peal which 
rounded off and frequently gave significance to all that 
hiiil gone l)efore.' Our fun over the eviscerated ' Past 
and Present' continued for Bome time, after which it 
uftnsed, and an expression of solemn earnestness over- 
uproud the features of the old man. ' Well,' he said afc 
length, in a voice touched with emotion, ' what greater 
rt^ward could I have than to find an ardent young soul, 
unknown to me, and to whom 1 was personally un- 
known, tlius influenced by my words.' We continued 
our chat in a spirit of deeper earnestness, and after be 
had cxbaust^id liia goblet we wwlked together down 
Albemarle Street to Piccadilly, his tough old arm 
encircling mine. There I saw him safely seated in a 
Hrorapton omnibus, which waa hia usual mode of loco- 
inoliou. When he was inside every conductor knew 
that he carried a great man. 

All this was late in the day of my acquaintance 
with Carlyle. I first saw him, and heard bis voice, in 
the picture gallery of Bath House, Piccadilly. I 
noticed the Scuttish accent, not iiaish or crabbed as it 
Bometimes is, but rich and pleasant, which clung to him 
throughout his life, as it did also to Mrs. Somerville. I 
first became really acquainted with him at the ' Grange, 
the Hampshire residence of the accomplished and 
high-minded Lord Ashburton. Sitting beside him at 
luncheon, I spoke to him, and he answered me bluntly. 
James Spedding was present, and to render mynelf a 
of his identity I asked Carlyle, in a low voice, i 
the gentleman opposite was not Spedding F 

' From Dr. Qsmet's eicellent Life of CarlyU i U 
Allingbam had alBo drairD atteutloa to tli[s point. 
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rrplied aloud, * that's Spedding.' He had no notion 
of tolerating a confidential whisper. The auhject of 
liomceopathy was introduced. Cadyle's appreciation of 
the relation of cause and effect was as sharp and clear 
aa that of auy phjsicist ; and he thought horaceopathy 
an outrajjeous defiance of the proportion which must 
Eiibast between them. I sought to offer an explanation 
of the alleged effects of ' infinitesimals/ by referenco 
to the asserted power of the Alpine miUeteer'a bell to 
bring down ao avalanche. If the snuw could be loosened 
by a ibice bo small, it was because it was already upon 
the verge of slipping. And if bomoaopathic globulea 
liad any sensible effect, it must be because the patient 
was on the brink of a change which they meiely precipi- 
t.ited. Carlyle, however, would listen to neither defenco 
nor expliinatiou. He deemed homceopathy a delusion, 
and those who practised it professionally impostors. 
He raised hia voice so as to drown remonstrance ; while 
a 'tsh!' with which Mrs. Carlyle sometimes sought 
to quiet him, was here interposed. Casting honioao- 
pathy overboard, he spoke appreciatively of George III, 
The capacity of the King was small, but he paid out 
cnnscientiously the modicum of knowledge he possessed. 
1 hia was illustrated by the way in which he collected 
his library, always Becking the best advice and pur- 
( liasing the best books. Carlyle's respect for couacien- 
tiouauess and earnestness extended to all things. We 
once went together to an exhibition of portraits at 
youth Kensington. Pausing before the portrait of 
Queen Mary (Bloody Mary, as we bad been taught to 
ciill her), he musingly said, *A well-abused womi 
I'.it by no means a bad woman — rather, I should say, a- 
good woman — acting according to her lights.' Ha 
ought, perhaps, to have extended the same tolerance to 
IguatiuB Loyola, whom he abhorred and scathed. In the 
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evening, wbile we stood before the drawing-room fire, 1 I 
i'poke to bim of Emerson. Tbere was eomething lofty 
in tbe tone of Carljle'a own voice as he spoke of the ■ 
' loftiness ' of bis {^reat American friend.' I mentioned 
Lewes's life of (ioethe, which I had been just reading, 
und ventured to express a doubt whether Lewes, us a 
man, was Btroiig enough to grapple with hia subject. 
He was disposed to commend tbe Life as the bent wa 
had, but he was far from regarding it as adequate. 
Carljle was a bold rider, and during this visit to the 
Grange he indulged in some wild galloping. Professor 
Hofmann was his companion, and he humorously de- 
scribed their motion as tantamount to being shot like 
a projectile through space. Brooktield was one of the 
guests, a clergyman of grace and culture, who might 
have been a great actor, and who entertained a high 
notion of the actor's vocation. One evening he gave us . 
an illuatriition of his dramatic git'ts — extemporising, and ■ 
drawing by oblique references, the principal person- t 
ages round bini into bis performance. It was then I 
first heard the resonant laugh of Carlyle. Himfelf A 
biimourist on a high plane, he keenly enjoyed humour 
in others. Lady Ashburton, with fine voice and ex- 
pression, read for us one of Browning's poems. It was ] 
obvious from his ejaculatory remarks that Carlyle | 
enjoyed and admired Browning. 

As time went on I drew more closely to CarJjIe, ' 

I Their friendahip continued tuiimpaired to the end. Not long 
befaie Carlyle'sdeaih, I noticed two volumes of Llie same Bliape and 
l)i ndiog on the table of his sittiag-room. Opening one of them, I 
found written on tbe fly-leaf : — 

' To Thomaii Carlyle 

'with unclmngeaWe affection 

'from Ralph Waldo Emereon." 
The two TOlnmes were Emeraon's own collected worts. 'That^'lJ 
Eaid, ' is as it ought to be : yon and Bmereou must remain friends to j 
the last.' 'Aye.' he responded, 'you are quite right; take I 
f olume^ wilb you^ but reLiLm them punctually ' : which J did. 
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welting, among other things, to remove all prejudice 
Ijj making clear to him the spirit in which the highest 
Buientific minds pursued their work. They could not 
df;ta.ch themselves from their fellow-men, hut history 
showed that they thought less of worldly piofit and 
applause, and practised more of self-denial than any 
other class of intellectual workers. Carlyle had been 
to the Royal Society, but found the meetings he at- 
tended flat, stale, and unprofitable. Not knowing how 
the comnumicationa were related to the general body 
of research, they, of course, lacked the sap which their 
roots might have supplied to them. He was surprised to 
find me iairly well acquainted with 'Wilbeim Meister's 
Wanderjahre,' declaring that, as tar as his knowledge 
went, the persons were few and far between who showed 
the least acquaintance with Goethe's 'Three Reve- 
rences' — reverence for what is above us, reverence for 
what is around us, reverence for what is beneath ub. 
To this feature of Goethe's ethics Carlyle always at- 
tached great importance. Among the spoken and 
written words of our age the utterances of Goethe were, 
in his estimation, the highest and weigiitiest. Of 
Fichte and Schiller he sometimes spoke with qualified 
admiration — of Goethe never. He may have been 
indebted to the great German for a portion of his 
spiritual freedom, and such indebtedness men do not 
readily forget. Unswerving in his loyalty, Carlyle, 
towards the end of hia life, would have ratified by 
re-aubscription the ardent outburst of 1831. 'And 
Itnowest thou no prophet, even in the vesture, environ- 
ment, and dialect of this age ? None to whom the 
Godlike has revealed itself, and by him been again 
prophetically revealed j in whose inspired melody, even 
in these rag-gathering Mid rag-buming days, Man'a 
life again begins, were it but afar off, to be divuiel 
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ICiiowest thou none such ? I know falm &nd nama 
him- —Goethe.' • The majesty of Goethe'e character 
aeemed, io Carlyle's estimate of hiin, to dissolve alt hia 
eiTora, both of intellect anil conduct. The etandards of , 
the hoDiiletic market-place were BcornfuUy brushed i 
aside ; drawbacka and qualifications were blown away 
like chaff, 'the golden grain' of the mighty Germaa 
husbandman being alone garnered and preserved. 

I had various talks with him about Goethe's mis- 
taken appreciation of the ' Farbenlehre ' as the greatest 
of his works. To Cariyle this was a most pathetic fact. 
Tlie poet thought he bad reached the adamant of 
natural truth, and alas ! he was mistaken. But, after 
all, was he mistaken? Over German artists the 'Far*' J 
benlehre' had exercised a dominant influence. Could it 
be all moonshine? Thus he mused. While holding 
firmly to the verdict that with regard to theory 
Goethe was hopelessly wrong, I dwelt with pleasure on 
the wealth of facta which his skill and industry had : 
accumulated. This to a certain extent gratified Car- i 
lyle, but he sighed for the supplement necessary to the 
scientific completeness of his hero. He was intimately 
acquainted with every nook and co;ner of Goethe's 
work — sometimes more intimately than the poet's own 
countrymen, I once had occasion to quote the poem 
' Mason Lodge,' translated and published in ' Past and 
Present.'* The article in which it was quoted was ' 

' Sartor Meiartun, Library Edition, p. 214. 

' Uook III. cliap. Ev. A very noble eong, and a great favoorlta 1 
of Cnclyle'a. With it be wound np Mb Eectorial address at Bdia> 
b'irgh. The reciting of two of its veraea, under peculiar ciicai 
•lunccs, bad an Important influence on raj ovra deatinj. 

Siilemn before ns, ' Here eyea do regard yon. 



Veiled, the dark Portal, 
Goal of all morlal: 
BlnrsMlento'erns, 
Qiuves under aa silent 1 



mity'B 
Hers is all fiilneaa, 
Yb brave, to reward yon, 
^V'uck and despair not.' 
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afterwards translated liito German ; the original poem, 
therefore, required hunting up. None of my friends ia 
Berlin knew anything about it. On learning this I 
went down to Chelsea, where, in answer to my inquiry, 
Carlyle promptly crossed his sitting-room and took 
from a shelf the required volume. 

Thus, through the years, I kept myself in touch with 
this teacher and ini-pirer of my youth. The ' Life of 
Frederick' drew heavily upon his health and patience. 
Hia labours were intensified by his conscientiousness. 
He proved all things, with the view and aim of holding 
fast that which was historically good. Never to err 
would have been superhuman ; but if he erred, it was 
not through indolence or lack of care. The facts of 
history were as sacred in his eyes as the 'constants' of 
gravitation in the eyes of Newton ; hence the severity 
of his work. The ' Life of Fredeiick,' moreover, worried 
him; it was not a labour into which he could throw hia 
whole soul. He was continually pulled up bj sayings 
and doings on the part of his hero which took ail en- 
thusiasm out of him. ' Frederick was the greatest 
administrator this world has seen, but I could never 
really love the man.' Such were his words. While 
engaged on this formidable task, he was invited to 
stand for the Rectorship of Edinburgh University. 
For the moment he declined, promising, however, to 
consider the proposal when hia labours on Frederick 
were ended. The time came, and he accepted the in- 
vitation. Disraeli was pitted against him, but he won 
the election by an overwhelming majority. His trans- 
port to Edinburgh had then to be considered. After 
many talks with him and his wife, the simplest and 
Biifeat solution of the diiEculty seemed to be that I 
ihould take charge of him myself. 
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It was arranged that he should go first to FrejS 
Btone. in Yorkshire, and pay a short visit to Lord 
HoiightoD. On the morning of March 29, 1866, I droW 
til Cheyne Row, and found him punctually ready s 
the appointed hour. Order was Cailyle's first law, i 
punctuality was one of the chief factors of order, 
was therefore punctual. On a tahle in a small ba 
parlour below-stairs stood a 'siphon,' protected 
wickerwork. Carlyle was conservative in habit, and U 
his old age he held on to the brown brandy which n 
in vogue in his younger days. Into a tumbler I 
Carljle poured a moderate quantity of this brandy, a 
filled it up with tlie foaming water from the slpb 
He drank it off, and they kissed each other — for 1 
last time. At the door she suddenly said to me, ' I 
Ood's sake send me one line by telegraph when i 
ia over.' This said, and the promise given, we dro^ 
away. 

In due time we reached Freystone, where 1 
wannest of welcomes greeted Carlyle. A beautifii 
feature in the record of Carlyle'a relations to his frienl 
is the loving loyalty of Lord Hougliton, Not loi 
prior to his lamented death he sent me an extract i 
a letter written by Carlyle to bis wife on the occasio 
I believe, of bis first visit to Freystone. It bad 1 
purchased by Lord Houghton from some collector ( 
letters, into whose bands it had fallen. It showed h 
long-standing Carlyle's malady of sleeplessness ! 
been. It spoke of the weary unrest of the pievioid 
night-^the ceaseless tossing to and fro — and of ( 
comfort he esperienced in thinking of her, as 1 
smoked his morning cigar in the sunshine. On 1 
first night of his last visit to Freystone, the unrest i 
not only renewed but intensified. Hallways had i 
plied ; they clasped Freystone aa in a ring, and tlu 
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whistles were energetically active all niglifc. I feared 
the result, aod my fears proved only too well grounded. 
In the morning I found Carlyle in hi3 bedroom, wild 
with his gufferiDga. He had not slept a wink. It 
ought to he noted that the day previous he had dined 
two or three hours later than was his wont, and had 
engaged in a. vigorous discuEsion after dinner. Look- 
ing at me despairingly, he said, ' I can stay no longer 
lit FreystoDe, another such night would kill me.' 
• You shall do exactly as yon please,' was my reply. * I 
will explain matters to Lord Houghton, and he, I am 
persuaded, will comply with all your wishes.' I spoke 
to Lord Houghton, who, though sorely disappointed, 
agreed that it was hest to allow his guest complete 
freedom of action. It was accordingly arranged that 
we ahould push on to Edinburgh. Carlyle's hreakfast 
was prepared. He partially tilled a howl witli strong 
tea, added milk, and an egg beaten up. Rendered 
thiiB nutritive, the tea seemed to soothe and strengthen 
him. Aa he breakfasted our projects were discussed. 
Once, after a pause, he exclaimed, 'How ungrateful it 
is on my part, after so much kindness, to quit Frey- 
Btone in this fashion.' Taking prompt advantage of 
this moment of relenting, I said, ' Do not quit it, hut 
stay. We will take a pair of horses and gallop over 
the country for five or sis hours. When you return 
you shall have a dinner like what you are accus- 
tomed to at home, and I will take care that there 
shall be no discussions afterwards.' He laughed, which 
was a good sign. I stood to my guns, and he at 
length yielded Lord Houghton joyfully ratified the 
programme, and two horses were immediately got 
ready. 

The animal bestrode by Carlyle was a large bony 
grey, with a terribly hard mouth. He seemed di* 
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posed to bolt, and obviuusly required a strong wrist to 
rein Iiim in. Cariyle was no longer youny : paralyica 
afjitana had enfeebled his riyht band — for some time 
my anxiety was great. But after sundry imprecations 
and Blrenuous backward pull^, the horse was at length 
clearly mastered by its rider, and we fleetly aped 
along. Through lanes, over fields, along high-roads, 
past turnpike gates where I paid the toll. This con- 
tinued for at least five hours, at the end of which we 
returned, and handed the bespattered horses over to the 
groom. The roads and lanes had been abominable, mud 
to the fetlocks, not to speak of the shmy fiehls. Had 
the groom's feelings been allowed open vent, we ghould 
have had imprecations on bis part also. We beard 
only a surface murmur, but the storm, I doubt not, dis- 
charged itself behind our backs in the stable. Carlyla 
went to his room, donned his slippers and his re- 
spectable grey dressing-gown. Carrying with him 
one of the long 'churchwardens' which be always 
obtained from Glasgow, he stuffed it full of tobacco ■ 
Choosing a position on the carpet by the hall fir* 
which enabled him to send the products of combustion 
up the chimney, to the obvious astonishment of the 
passing (servants he began to srnoke. Having with m0. 
at the time a flask of choice pale brandy, of this, mi 
with sodn-water, I gave him a stiff tumbler. Tho 
had healthily tired him, and he looked the pictun 
content. At six o'clock bis simple dinner was 
before him, and he wns warned against discussion. i^% 
was the traditional warning of the war-horse to bw 
quiet when he hears the bugle sound. In the evening; 
discussion began with one of the guests, and I could' 
Bee that Curlyle was ready to dash into it as 
petuously as he had done the night before. I laid mf 
hand upon his arm and said sternly, * We must bav^: 
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nn more of tb is,' He arched his brows good-humouredly, 
burst into laughter, and euded the discussion. I ac- 
companied him to his bedroom, every chink and fissure 
of which had been closed to atop out both light and 
sound. ' I have no hope df sleep,' he said, ' and I will 
come to your room at seven in the morning.' My 
reply was, 'I think you will sleep, and if so, I will 
come to your room instead of your coming to mine,' 
My hopes were mainly founded on the vigorous exercise 
he hnd taken ; but the next day being Good Friday, I 
also hoped for a mitigation of the whistle nuisance. 

At seven o'clock, accordingly, I stood at his door. 
There was no sound. Returning at eight, I found the 
same dead silence. At nine, hearing a rustle, I opened 
his door and found him dressing. The change trom 
the previous morning was astonishing. Never before 
or afterwards did I see Carlyle's countenance glow with 
such happiness. It was seraphic. I have often thought 
of it since. How in the case of a man possessing a 
range of life wide enough to embrace the demoniac and 
the godlike, a few hours' sound sleep can lift him from 
the grovelling hell of the one into the serene heaven of 
the other 1 I'his question of sleep or sleeplessnese hides 
many a tragedy. He looked at me with boundless 
blessedness in his eyes and voice. ' My dear friend, I 
am a totally new man ; I have slept nine hours with- 
out once awaking.' That night's rest proved the pre- 
lude and guarantee of his subsequent triumph at Edin- 
burgh. 

We had been joined at Freystone by Husley,' and 
in due time started, all three together, for the beautiful 



> And hy the aole and lamented Hr. MadetiiiBii. 
paid B brief visit to Freystone, and was afterwards c 
bearers in Ediiibiii];h. 



Dr. Hirst alaa 
leof Carlfle'i 
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metropolis of the North. There Carljle was lodged in 
the houBO of his gentle and devoted friend, Erskiue ut 
Liiilathen. He was placed as far from the noisen of 
the street, in other words as near the roof, as possible. 
I saw hioi occasionally in hia skjey dormitory, where, 
though his sleep did not reach the perfection once 
attained at Freystone, it was never wholly bad. There 
was coDsidei'able excitement in Edinburgh at the time 
— copious talking and hospitable feasting. The evening 
before the eventful day I dined at Kiuelian with my 
well-beloved friends, Sir James and Lady Coxe, whose 
permanent guest I was at the time. Sir David and 
Lady Brewster were there, and Kussell of the Scota~ 
man. The good Sir David looked forward with fear 
and trembling to what he was peraiiaded must prove a 
fiasco. ' Why,' he said to me, ' Carlyle baa not written 
a word of his Address ; and no Rector of this University ■ 
ever appeared before bia audience without this needful 
preparation.' In regard to the writing I did not share 
Sir David's fear, being well aware of Carlyle's marvellous 
powers of utterance when he had fair play. There, 
however, was the nib. Would he have fair play? . 
Would he come to his task fresh and strong, or with 
the pliancy of his brain destroyed by sleeplessness? j 
This surely is the tragic side of insomnia, and of the I 
dyspepsia which Ireqiieotly generates it. 'It takes | 
all heart out of me, so that I cannot speak to my people 
as I ought.' Such were the words of a worthy Welsh a 
clergyman whom I met in 1854 among his native hills, I 
and whose unrest at night was similar to that of J 
Carlyle, Time would soon deliver its verdict. 

The eventful day came, and we assembled in the antB«3 
room of the hall in which the address was to he delivered 1 
— Carlyle in bis rector's robe, Huxley, Eamsay, Erskin^,* 
and myself in more sober gowns. We were all four \A% 
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he doctored. The great man of the occasion had 
declined the honour, pleading humorously that in 
heaven there might be some confusion between him and 
his brother John, if they both bore the title ot doctor. 
I went up to Curlylcj and earne^'tly scanning his face, 
asked : ' How do you feel ? ' He returned my gaze, 
uiirved his lip, shook his head, and answered not a word. 
' Now, ' I said, ' you have to practise what you have 
been preaching all your life, and prove yourself a hero.' 
He again shook his head, but said nothing. A proces- 
sion was formed, and we moved, amid the plaudits of 
the students, towards the platl'oi m. Carlyle took his 
place in the rector's chair, and the ceremony of con- 
feiring degrees began. Looking at the sea of faces 
below me— young, e;iger, expectant, waiting to be 
lifted up by the words of the prophet they had chosen 
— I forgot all about the degrees. Suddenly I found an 
elbow among my ribs — ' Tyndall, they are calling for 
you.' I promptly stood at ''tention' and underwent 
the process of baptism. The degrees conferred, a fine 
tall young fellow rose and proclaimed with ringing 
voice from the platform the honour that had been con- 
fered on 'the foremost of living Scotchmen.' The 
cheers were loud and long. 

Carlyle stood up, threw off his robe, like an ancient 
David declining the unproved armour of Saul, and in 
his carefully-brushed brown morning-coat came forward 
to the table. With nervous fingers he gi-asped the 
leaf, and stooping over it looked earnestly down upon 
the audience. ' They tell me,' he said, ' that I ought 
to have written this address, and out of deference to 
the counsel I tried to do so, once, twice, thrice. But 
what I wrote was only fit for tlie fixe, and to the fire it 
was compendiously committed. You must therefore 
listen to and accept what I say to you as coming straight 
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(rum tlie heart.' He began, and the world already 
knows what he said. I attended more to the aspect ol 
the audieDce than to the speech of the orator, which 
contained nothing new tome. I could, however, mark 
its influence on the palpitating crowd helow. They 
were Btiired as if by suhterranean fire. For an hour 
and a half he held them spelllioimd, and when be ended 
tJio emotion previously pout np burst forth in a roar of | 
acclamation. With a joyful heart and clear conscience 
I could redeem my promise to Mrs. Carlyle. From the 
nearest telegraph-office I sent her a despatch of three 
words; 'A perfect triumph,' and returned towards the 
hall. Noticing a commotion in the street, I came up 
wit h the crowd. It was no street brawl ; it was not the 
settlement of a quarrel, but a consensus of acclamation, 
cheers and ' bravos,' and a general shying of caps into 
tlie air 1 Looking ahead I saw two venerable old men 
walking slowly arm-in-arm in advance of the crowd. 
They were Carlyle »nd Erskine. The rector's audience 
had turned out to do honour to their hero. Nothing in 
the whole ceremony affected Carlyle so deeply as thia 
display of fervour in the open air. 

All this was communicated by letter to Mrs. Carlyle; ] 
and as I shared the general warmth of ttie time, it ' 
is to be assumed that my letters were of the proper 
temperature. She, at all events, wrote warmly euougli 
about me afterwards. Wound up, as she had been, to , 
gucb an intense pitch of anxiety, the thin-spun life waa | 
almost ' slit' by the telegram. Her joy was hjstericaL 
But after a little time, aided by the loving care 
friends, she shook away all that was abnormal in her i 
happine-^^B, She dined Ihdt evening with John Forster, 
Dickens and Wilkie Collins were of the party. She 1 
entered the drawing-room exultant, waving the telegram ' 
in the air. Warm f-jlicitationB were not wanting, and J 
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probaLly on that occasion her cup of blisa was fullei 
than it had heen for years hefore, 

Carlyle's gieat task havinj^ ended thus happily, he 
loined in festivities, public and private. Meat and wine 
I have forgotten, but I have not forgotten the jocund 
after-dinner songs. They were snng hy their composers. 
Dry science became plastic in the hands of these artists, 
and the forms it assumed must have astonished Carlyle, 
He joined heartily in the fun. Two banquets dwell 
specially in my memory — a Symposium Academicum, 
got up in Carlyle's honour, and a dinner at the house oi 
his steadfiist friend, Professor Masson. At both bilarity 
ran high. The figure of Dr. Maclagan, with eyes 
directed piteously upwards, with body bent, and hands 
clasped in agony over some ejtcruciating medical 
absurdity, has left an unfading photograph upon my 
brain. Till then I bad thought the dinners of our 
lloyal Society Club in London the most genial in the 
world ; but they could not hold a candle to this Edin- 
burgh Symposium. The dinner at Masson's was equally 
iovial. Lord Neaves was there — one of the most pleasant 
personages I had ever met. He was charged with hia 
own bright ditties, which he sang with infective anima- 
tion. Some time previously John Stuart Mill bad 
written his 'Examination of the Philosophy of Sir 
William Hamilton,' wherein be had reduced the ex- 
ternal world to 'a series of possibilities of sensation.' 
Lfjrd Neaves had thrown this theory into lyric rhyme. 
The refrain of hia song was ' Stuart Mill on Mind and 
l^Iitter.' The whole table joined in the refrain, Carlyle, 
with \ nice- accompaniment, swaying his knife to and 
fro, like the baton of a 'conductor.' It^ afterwards, in 
a fit of depression, he described the time he spent in 
Edinburgh as 'a miserable time,' be must have been 
the victim of self-df lusion. It was a time of joy and 
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gladness, which he amply shared ; but he seemed unable, 
subsequently, to shoot the rays of memory through the 
heavy atmosphere which immediately surrounded him. 
Like light-rays in a fog, they were quenched by re-per- 
cussion from his own melancholy broodiiigs. In Edin- 
burgh all the necessary elements combined to render 
him happy. In the background slumbered the con- 
sciousness of success. In the same region lay thoughtu 
of hjs wife, whose pjide in his triumph would rever- 
berale its glow upon him. Clinging to her image were 
memories of a time when her union with him was 
deemed a mSealUiince. Who could think so now ? He 
stood consciously there aa a victor over difficulties which 
would have broken to pieces not tlie feeble only, but 
the strong — a vic'or in the chief city of his country, 
which he bad entered fifty-seven years previously as a 
wayworn peasant-boy. Such, duriag his actual stay in 
Eldioburgb, were Carlyle's pleasant musings — swept, 
alas I into practical oblivion by calamity soon afterwards. 
Hnxley and I had proposed to ouiselves an excursion 
in the Highlands; but snow had fallen, covering the hills , 
and rendering them unfit for exercise. Our thoughts , 
turned homewards, and our bodies soon followed our * 
thoughts. Before coming away I visited Carlyle in his 
bedroom. He was correcting the proofs of his Address. 
* Now,' he said, ' tlie tollgates at Freystone are to be 
settled for.' I made light of them, and urged him to > 
say ' Good-bye.' But he would not. ' The thought 
of them clings to me like unwashed hands.' He re- 
cognised as mean the cause of the discomfort, and used 
a congruous metaphor to express it. I still refused to 
make out a bill, so he put down all the items he re- 
membered, added them together, and said, ' I owe yoq 
BO much.' Looking over the account I retorted, with i 
raock sternness, 'I beg your pardon, you owe nw i 
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fourpence-halfpeuny more.' He laughed heartily, pro- 
duced the fourpence-half penny, which, with an air of 
busioesa-like gravity, I pocketed, Jind bade Uim ' Good- 
b,e.' 

Immediately after my arrival in London I called 
upon MiS, Cailyle. It was a bright welcome that she 
gave me. A deep and settled happiness had taken 
possession of her mind ; thongh she still could afford a 
flash of Barcasm for one of the Edinburgh audience who 
had visited her the day before. The glow of pride in 
her husband was obvious enough. Not before a Eelect 
few, but before the world at large, he had won for him- 
self renown, and for her choice of him, justification. 
She wrote to him, 'I have not been so fond of everybody 
since I was a girl.' We chatted long over the occur- 
rences in the North, which I thought would give her 
a new lease of happy life. Referring to her ansiety 
about the Address, she said ehe had never entertained 
the thought of his breaking down. As long as he had 
life there was no fear of that. But she thought itquit« 
possible that life itself might snap, and that he might 
fall down dead before the people. It must have been 
her lithe fingers, and her high-strung nerves, that gave 
to the pressure of her hand an elastic intensity which I 
have not noticed elsewhere. Such warmth of pressure 
had been always mine. As might be surmised, it was 
not relaxed on this occasion, when, all unconscious of 
impending disaster, I stood up and bade her 'Good-bye.' 

I went to the Isle of Wight, which was my usual 
refuge when tired, made Freshwater Gate my bead- 
qunrters, and was refreshed as I had often been before 
by the broud-blowu, brotherly voice of Tennyson. Two 
walks in the island have always had a special charm 
for me ; one along ' the ridge of a noble down ' which 
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Rtrelcbes from Freshwater Gate to the Needlea; the 
other along the spine of the island from Freshwater 
Gate to CarUbrook, past ancient Barrows, with tha 
ISolorit OD the one side and the ocean on the other. 
P'roru Carisbrook it was an easy walk to Cowes, whenta 
steamers plied to Southampton. Uetiirning from the 
irhind on the occasion now referred to, I chose this 
latter route, and on reaching the railway-station at 
Southampton, went straight to the bookstall to pick up 
a copy of the Times. On opening the paper I was 
gtunned. Before me stood ia prominent letten^,' Sudden 
death of Mrs. Carlyte.' I sped to London, and on my 
writing-table I'oimd a note from Miss Jewsbury, Carlyle 
had arrived in Chelsea. ' For Heaven's sake,' said my 
correspi indent, ' come and see the old man 1 he is utterly 
heart-broken.' In a few pathetic words LpsJie Stephen 
has told the story of her death: 'Mrs. Carlyle had asked 
some friends to tea on Saturday, April 21. She had 
gone out for a drive with a little dog ; she let it oitt 
for a run, ivben a carriage knocked it down. She sprang 
out and lifted it into the carriage. The carriage went 
on, and presently she was found sitting with folded 
ai ms in the carriage, dead.' 

I drove forthwith to Chelsea. The door was opened 
by Carljle's old servant, Mr^f. Warren, who informed ma 
that her master was in the garden. I joined him there, 
and we immediately went upstairs together. It would 
be idle, perhaps sacrilegious on my part, to attempt 
any repetition of bia hinguage. In words, the flow of 
which might be compared to a molten torrent, he re- 
ferred to the early days of his wife and himself — to 
their struggles against poverty and obstruction; to her 
valiant encouragement in hours of depression ; to their 
life on the moors, in Edinburgh, and in London — how 
lovingly and loyally she had made of herself a sol^ 
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ciialiion to protect him from the rude collisions of the 
world. The late Mr. VenabiRs, whose judj^ment on 
Buch a point may be trusted, often spoke to me of 
Carlyle's extraordinary power of conversatioD. In bis 
Doon of life it was without a parallel. And now, with 
tbe floodgates of giief fully opened, that power rose to 
a heigbt which it had probably never attained before. 
Three or four times during tbe narrative he utterly 
broke down. I could see the approach of the crisis, 
and prepare for it. After thus giving way, a few 
Bympathetic words would cause biin to rapidly pull 
himself together, and resume the flow of his discourse. 
I siibKequently tried to write down what he said, but I 
will not try to reproduce it here. While he thus spoke 
to me, all that remained of his wife lay silent in an 
adjoining room. 

His house was left unto him desolate. Sympathy 
from idl quarters flowed towards him, but it seemed 
to do him little good. Hie whole life was wrapped in 
mourning. I think it probable that in the lamenta- 
tions which have reached tbe public through the 
'Keminiscences,' he did himself wrong. His was a 
temper very likely to esa{jj^erate his shortcomings ; 
very likely to blame himself to excess for his over- 
absorption in his work, and his too great forgetfuloess 
of his wife. The figure of Johnson standing bareheaded 
in the market-place of Liclifield, to atone for some 
failure of duty to his father, fascinated Carlyle ; and 
now in his hour of woe he imitated Johnson, not by 
baring his head, but by lacerating his heart. They 
had had their differences — due probably more to her 
vivid and fanciful imaginings than to anything else. 
He, however, took the whole blame upon himself. .It 
was loving and chivalrous, but I doubt whether it was 
entirely just. I think it likely that in her latei 
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years Bhe would hiive condemned eome of the utter- 
anccB of ber eiirlier ones. As time pa^^sed she grew 
more and more mellow and tender — more and more 
into the form and texture of the wife needed by Car- 
lyle. Had she lived a little longer his self-reproaches 
would never have been heard.' Let me, however, for- 
sake surmises and return to facts. He had laid his 
wife in Haddington Churcbyajd. The summer had 
passed, and harsh, dark winter was approaching. To 
spend the winter in Cheyne Row with all its aasocialiona 
was more than he could be expected to bear. But what 
was to be done ? A loving answer to this question 

' libers was a fund of tendemesa and liboiatity in Ura. Carljle ; 
bnt her sarcasm conld, on occaalon, bite like nitric add. Lite her 
husband, slie could hit oft a cbaracU r or peculiarity with a simple 
atrolce of ttie tinirue. Her stories aparkied with wit and humour. 
It may be an old yarn, but she caused me to shake with laagbter 
by ber inimitabie way of teiling the slory of an old Frcncli prioat, 
who diaoDursed to hia peasant congregation on Samson's feat of 
tying the foxes' tails together, and sending them with burning 
brands through tbestanding com. The ruin to aETicultutal produce 
was described so vividly, and with such local and domestic applioa- 
tioDB, that the people burst into weeping. Their soba and tea™ 
reacted on the old priest himself. He also fell to weeping, bat 
tried ta assuage the general grief by calling out, ' Ne plentez paa, 
mes enfantB. Ne pleurez pas; ce n'est pas Trui 1' ~ 
exquisitely comic aa ebe told this story. The only iatimation thai I 
ever had of past tinhappiness on her part was given during ai 
ing visit vrlieu I found her alone. She then told me that some yean 
previously she had kept a, joorunl, iu which, to relieve her mind, she 
wrote dovra her most secret thoughts and feelings. Shecondemned, 
as she spoke to me, this habit of introapection. One day she ha>i 
left the book upon her desk, and on returning to her room, found 
there a visitor actually looking into the jonmal. He probably re- 
garded it aa a mere library book ; hut her wrath and rage, oa finding 
sayings and sentimentH intended for her eye alone, and kept searat 
even from Oarlyle, tboa pried into, were ancontToUable. At sho 
spoke to me her anger seemed to revive, and its potency could not 
be doubted. When I quitted her, I carried away the impressioB 
that her maturer judgment had caused hei to regard these jouiual 
■Dtries as the foolish utteraeces of a, too aeo itive past. 
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came to him in his hour of need. The first Lady 
Ashburton had been Carljle's friend, and the second, 
witli a more fervent nature, was no leas bo. She had 
tiken at Mentone a beautiful villa, the Villa Madonna, 
and thitber she pressed Carlyle to come. I saw him 
frequently at this motirnful time, and talked much 
with him about hia plana. The Mentone scheme he 
deemed at first clearly impracticable; but the more it 
was thought over, the more evident it became that it 
was the only really practicable course open to him. 
As the gloom of Decemher set in, the necessity of get- 
ting him away from London became more and more 
apparent. Counting the days at my disposal, I formd 
that it was within my power to convey him to Mentone, 
deposit him there, and return in time for my personal 
duties in the Royal Institution. Lectures would b^gin, 
but men were there whose friendship had never failed 
me, and on whom I could rely that all things would be 
well conducted during my absence. Seeing the pos- 
sibility, my action was prompt. I olfered to take 
charge of him, cutting short hesitation and discussion 
by pointing to the inexorable march of time. Over the 
packing of his pipes we had a wrangle. It was clearly 
evident that his mode of packing would bring the 
'churchwardens' to grief, and I emphatically told him 
so. But he would have hia way. He knew how to 
pack pipes, and would be answerable for their safety. 
Out of Sfty thus packed at Cheyne Row, three only 
reached Mentone unbroken. I afterwards enjoyed the 
triumph of sending him fifty without a single fracture. 
But I anticipate. Rime was in the air, sucking the 
vital warmth out of every living thing when wo started 
on the morning of December 22. A raw breeze blew in 
our faces as we crossed the Channel, or rather a breeze 
created by the vessel's motion, for the air was stiU. I 
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t-ried to muffle him up; but immediately reEigned my 
ultempted task to a young lady, who wound and pinned 
hia comforter in a muniier unattainable by me. &ilyle 
was interested to learn that liis kind protectress *ag the 
daufjbter of Sir John Herijchel. She was then Miaa 
Amelia Hersc-hel, she ia now Lady Wade, In Paris we 
spent tlie night at the Grand Hotel de St. James, 
Rue St. Honore. A bad sleeper myself, I had long 
before chosen tliia hotel, because its bedrooms opened 
into a garden. We were well lodged ; but some slifiht 
creak or clatter of a loose window roused Carlyle, who 
became vocal. Noise at ni{i;ht was a terror and a 
torture to him. I rose, reproved and corrected the 
peccant window, the night afterwards passing ijuietly. 
Next morning we started. At the Gare de Lyon we 
were met by my lamented friend Jamin, a Member of 
the Institute, who helped ua with the railway officiah;, 
and sent ua on our journey with a hearty God-speed. 

In England, as stated, the weather was harah ; it 
continued so in France. We had the good luck to 
secnre a coup6 in the Marseilles train. Throughout 
the day the landscape was cut off by ireeziog mist, and 
at the Lyons slation the outlonk was specially dismal; 
due precautions however had bi^en taken against cold. 
In view of my winter expedition to ihe Mtr de Glace 
in 1859 I had purchased a sheepskin bag, lined with 
its own wool, and provided with straps to attach it 
comfortably to the waist. Swathed with this to the 
hips, such heat as he could generate was preserved for 
his feet and limbs. At Lyons food, wine, and a bottle 
of water for the night were seciued. The watev-bottle 
stood on a shelf in front of us. ' Observe it,' 1 said to 
my companion. He did so with attention. At tim 
the water would appear quite tranquil ; then it would 
begin to oscillitte, the motion augmenting till the li'juid 
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splosbed violently to and fro up the aides of the bottle ; 
then the motion would subside, almost perfect atillneBs 
Betting in. In due time this would be again disturbed, 
the oscillations setliog in as before. Carlyle wa§ wtll 
acquainted with the effects of synchronism in periodic 
motion, but he was charmed to recognise in the water- 
botlle an aualyst of the vibrations of the train. It 
told MS when vibrations of its own special period were 
present in, and when tbey were absent from, the con- 
fused and multimdinoTis nimble which appealed to our 
ears. This was monotonous and permitted us to have 
some sleep. On opening our eyea in the morning we 
found a deep-blue j.ky above us, and a gonial sun shin- 
ing on the world. The change was surprising ; we had 
obviously reached 'the Sunny South.' 

We rested at Marseilles, and walked through the 
sunlit city. Carlyle .=eated himself on a bench in the 
shade of trees, while I went back to our hotel. On 
returning I found him In conversation with a paralysed 
beggar boy, from whom he bad extracted the sad story 
of his life. ' The poor we have always with us,' may be 
truly said of all kindreds and tongues. In Marseilles 
we had them singing in the streets for eleemosynary 
sous. Carlyle contributed liberally. At the proper 
time we took our tickets for Nice. In his laler years 
the factory smoke which pollutes our air, the dyer's 
chemistry which pollutes our rivers, the defacement ot 
natural beauty which many of our industries have 
brought in their train, were hateful to him. The rail- 
way whistle, rather than the grand roar of the rushing 
loconaotive, was his abomination. Tumult and confu- 
sion, especiiilly when mixed with the stupidity of men 
and women, he detested. Such confusion we found at 
the Marseilles railway-station, and his disgust thereat 
was registered in his voiee and written od his couulo. 
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nance. At Nice the railway came to an end, and a 
carriage wns needed to take us over the hills to Men- 
tone, We had a vigorous altercation at a cab-stand, 
where gross extortion was attempted. We retired to a 
respectable hotel, the courteous proprietor of which, 
after some waiting, provided us with the required 
vehicle. The liglita of Monaco shone below ua aa we 
slowly crept over the bills. From the summit we 
trotted down to Mentone, reaching it at two o'clock in 
the morning. He was expected, and a loving friend 
was on the alert to welcome him. The reception was 
such as a younger man might envy. It was indeed 
plain to me that the storm-tossed barque had reached 
a haven in which it could safely rest. 

I allowed myself a few pleasant exciu-siona in the 
neighbourhood. We all ascended to Ibe high-percbed 
village of Sant' Agnese, whence, though strenuously 
opposed by Carlyle, I continued the ascent to the sum- 
mit of the 'Aiguille.' This is the highest peak of the 
region. The sun was setting as I reached the top, 
flooding the Maritime Alps and the bays and promon- 
tories of the Mediterranean with blood-red light. It 
wa3 a grand scene. We dined with the accomplished 
Lady Marian Alford, The present Lord Brownlow, as 
Mr, Gust, was there at the time, and a iiner speci- 
men of physical manhood I thought I had never 
before seen. After dinner a disciission arose about the 
Bun as the physical basis of life. Carlyle's usual dislike 
to anything savouring of materialism showed itself, , 
while I, with my usual freedom, told him that he was 
sure to come to grief if he questioned the sun's capacity 
as regards either light or life. In the morning, at an 
early hour, I found him vigorously marching along the 
fringe of the Mediterranean. In the afternoon we had 
a long drive on the Comiche Boad. The zeni'.hat 
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firiuument, as we returned, was a deep blue, the western 
sky a fiery crimson. Newton's aiiggeation — it could 
hardly be called a theory — as to tlie cause of the 
heavenly azure was mentioned. Carljle hiid learned a 
good deal of natural pbilosopby from Leslie, of whom 
he preserved a grateful remembi ance. From Leslie lie 
had learnt Newton's view of the colour of the iky, and 
he now stood up for it. Ijeslie, he contended, was a 
high and trustworthy authority. 'An e.icelleot man,' 
I admitted, 'in his own line, but not an authority on 
the point now under discussion.' Carlyle continued to 
press his point, while I continued to resist. He became 
silent, and remained so for some time. A 'dependan 
of the Villa Madonna had been placed at his sole dis- 
posal, and in it his fire was blazing pleasantly when wa 
returned from our drive. I helped him to put on his 
dressing- gown. Throwing himself into a chair, and 
pointing to another at the opposite side of the fire, ha 
said : ' I didn't mean to contradict you. Sit down 
there and tell me all about it.' I sat down, and ha 
listened with perfect patience to a lengthy dieeertation 
on the undulatory theory, the laws of interference, and 
the colours of thin plates. As in all similar cases, I 
questions showed wonderful penetration. The power 
which made his pictures so vivid and so tnie enabled 
him to seize physical imagery with ease and accuracy. 
Discussions ending in this way were not unfrequent 
between us, and, in matters of science, I was always 
able, in the long run, to make prejudice yield to reason. 
On the day of my departure we all drove to MonactH— 
our warm-hearted hostess, Carlyle, and a young lady 
who was then a lovely cliild, and who is now a charm- 
ing mother. On the little pier 1 bade them good-bye 
and went on board the steamer for Nice. Almost at 
the point where we bad quitted the rime the train 
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plunged into it again. It had clutig to ita clime per* 

fiiatently, while sunsliioe covered the Mentone hills. 



After Carljle'fl return from Mentone in the sprinn; 
we had various eiciirsions together. I accompanied 
him to Melchef, the bfaiitifiil aeat of Ladj Ashburton, 
and rode with him through the adjacent New Forest. 
We drove to Lyndhiirst to see I^eighton's frescoes. We 
frequently walked together. One day, the etorm being 
wild and rude, a refuge from its buffets was thought 
desirable. He said he knew of one. I accordingly 
followed his lead to a wood at some distance. We 
pkirted it for a time, and finally struck into it. In the 
heart of the wood we found a clearing. The trees had 
been cut down and removed, their low stumps, with 
smooth transverse sections, remaining behind. It was 
a solemn spot, perfectly calm, while round the wood 
sounded the storm. Dry dead fern abounded. Of this 
I formed a cushion, and placing it on one of the tree- 
stumps, set him down upon it. I filled his pipe and 
lighted it, and while he puffed, conversation went on. 
Early in the day, as we roamed over the pastures, he 
had been complaining of the collapse of religious feel- 
ing in England, and I had said to hinij ' As regards the 
most earnest and the most ciipable of tlie men of a 
generation younger than your own, if ouk writer mora 
than another has been influential in loosing them from 
their theological moorings, thou art the man I ' Our 
talk was resumed and continued as he sat upon the 
etump and smoked hia placid pipe within hearing of 
the storm. I said to him, ' Despite all the losses yoH 
deplore, there is one great gain. We have extinguished 
that horrible spectre which darkened with its death- 
wings so many brave and pious lives. It is something 
to have abolished Hell lire I' 'Yes,' he replied, ' that 
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U a distinct and an enormouB gain. My own falhci 
v.ia a brave man, and, though poor, unaccustomed to 
cower before the face of man; but the Almigiity God 
was a different matter. You and I do not believe that 
Melchet Court exists, and that we shall return tliither, 
more firmly than he believed that, after hia death, be 
would have to face a judg'e who would lift him into 
everlasting blias or doom him to eternal woe. I could 
notice that for three years before he died tliis rugged, 
lioDPst soul tremWed to its depths at even the possible 
prospect of hell-tire. It surely is a great gain to have 
abolished this Terror.' 

Sir BiiDJamin Brodie, the great surgeon, a man of 
highly philosophic mind, whose intimate friendship I 
enjnyed for many years before his death, always held 
and insisted that a good memory wa*? essential to the 
making of a gre;it man. That Carlyle'a memoi-y was 
astonifihing numerous proofs could be given. One 
instance, associated with a fact of some interest, occurs 
to me as I write. When, Ktruck down by the malady 
which has shorn away before their time, so many 
precious lives, the gifted Clifford was approaching his 
end, I called one evening to see him in Quebec Street, 
and found Profea:ior Croom Robertson at bis biidside. 
Clifford had Iwen reading a work on Germany *by 
Thiimas Carlyle, Barrister-at-Law,' and conjecture waa 
set afloat to determine at what period of bis career 
Carlyle had donned this designation. It was known 
that he once had thoughts of becoming a lawyer, but 
it was not known that he had ever used the title of a 
lawyer. Clifford said, ' The subject is one which 
Carlyle might be expected to handle; the style is, to 
some extent, that with which we are so well acquainted, 
Etill, the hook is one which nobody, knowing Carlyle, 
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could euppOBe hira to have written at any period of M9 
life.' I went down to Chelsea next day, and made 
jnquirieB about the authorship of the volume, ' Oh,' 
said Carlyle with a laugh, 'that was " the Miracle."' 
There waa in Annandale a second Thomas Carlyle, 
wlioBe clevemesB, when a youth, caused him to be 
looked upon as a prodigy. Both he and the other 
Thomas sent from time to time mathematical questions 
to a local newspaper, and answered them mutually. 
Here Carlyle's extraordinary memory and narrative 
power came into play. He ran some centuries back, 
Btiuck into ' the Miracle's ' family history, and traced it 
to that hour, WhOe studying at the University of 
Marburg, I hud been one morning startled by the in- 
telUgence that Thomas Carlyle, der En(/lander, had 
arrived in that historic town. On inquiry, however, 
I found that it was not my Carlyle, hut Carlyle the 
Irvingite, who had come on a visit to Professor Thiersch. 
It was, in fact, ' the Mii-acle.' The Professor, a very 
distinguished Greek scholar and a pious man, had just 
joined the Iiviugiti's , hence the visit of ' the Miiacle.' 
Carlyle spoke with feeling regarding what he coniddered 
to be the decadence and spiritual waste of his namesake 
and competitor, who, when he came to Marburg, had, I i 
was told, the rank and function of an ' Apostle.' 

An event, important in its relation to Carlyle's 
memory, is to be noted here. Meeting one day in the 
Athenreum Club Mr. (now Sir Moimtstuart) Grant- 
Duff, he informed me that an accomplished Amei'ican 
friend of his was very anxious to know Carlyle, but 
that he was held back by the notion that Carlyle dis- 
liked Americana. I was able to say upon the spot that 
this was an error. From my own direct quesrionings I 
had learned that the feelings of the old man were those 
of gratitude rather than of dislike. At a time when 
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bis own countrymen, failing to recognise his need of a 
foi m of expression suited to his genius, had set him 
down as merely eccentric and wayward — meting out to 
him the wages of eccentricity and waywardness, and 
describing the work in which he had invested his highest 
fiiculty as ' a heap of cljtted nousense ' — America, 
tluough her noblest son, had opened to him her mind, 
her heait, her pnrse. Still, to make assurance doubly 
sure, I told Graat-Duif that I would go down to Chelsea 
and make myself acquainted with Carlyle'a present 
feelings. I went, and mentioned this conjectural dis- 
■ like of Americans. 'What nonsense!' he exclaimed ; 
• bring him down here immediately.' The gentleman 
here referred to was, and is, Mr, Charles Norton, of 
Harvard College. He came to Carlyle, and his visit 
was the atarting-point of a friendship which proved its 
steadfastness after Cailyle was dead and gone. With 
chivalrous firmness of purpose Mr. Norton has sought, 
and I am told successfully sought, to stem and roll 
back the foul wave of detiaction and abuse, whereby 
inconsiderate England threatened to overwhelm the 
memory of a man to whom her best and bravest owe a 
debt never to be cancelled. On this sad sulject, how- 
.\:e,ver, it is not my iutentiou to dwell; but many 
patriotic men regard it as a calamity of unspeakable 
magnitude, that Carlyle's opinions on the grave ijues- 
tions which now agitate us should be reduced to nullity. 
Were he amongst us he could point for our instructiou 
to certain apposite phafes of the French Revolution, 
which he — incomparable limner that he was I — has 
thrown upon the canvas of History. The manifold 
coiling of fraternal arme; the friendships sworn and 
re-Bwom at the ' Feaet of Pikes ' ; the pathetic ' Souper 
fratemel,' with citizeoB 'hobnobbing in t!ie Btreets to 
the reign of Liberty, Equality, Brotherhood'; and 
25 
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tben, ah me ! the law of gravity illustrated by the 
incessant fall of the guillotine; the hackings, straug- 
liogs, fusillitdes, and noyades ; cargoes of men, women, 
and children sunk by their sworn brothers in the Loire 
and the Rhone 1 One can fancy his presageful conn- 
tenance were he to witness the revival, in our own day, 
of this ghastly farce of ' fra ternity ' — unsexed, it is true, 
and converted into 'sisterly embraces,' When the 
manhood of England has departed, this nauseous 
Bentimentalism may go down with the electorate — not ■ 
before. 

My recollection here reaches back to two powerful • 
and important letters published by Carlyle, one in the 
ExaiRiner and another iu the Spectator, during a 
former Repeal agitation. Each of them bore the 
initial ' C as signature. His bold outspokenness and 
fiery eloquence hart endeared him to the enthusiaBtio 
Young Irelaiidera, and it was thought that a word from 
him would, at the tiine, be a word in season. These 
letters had been read by me with profoimd interest ] 
when they first appeared, and I notified their existence 
to more than one able editor, when Carlyle's name was 
mentioned a year or two ago in the Honse of Commons. 
Standing recently beside the bookstall at Grodalmtng 
railway-station, I took up a quaint little book, with a 
quaintly- printed title on its cover — ' A Pearl of English 
Rhetoric. Thomas Carlyle on the Repeat of tho 
Union.' It was a reprint of one of the letters signed 
' C.,' to which I have just referred. After long burial 
it had been unearthed, and thus restored to the public 
I give here a Siimple of its arguments against 
Repeal : — 

' Consider,' says the pearl-diver, ' whether, on i 
terms, England can have her house cut in two and^ 
foieign nation lodged in her back parlour itself? 
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f n any measure conceivable by the liveliest imagination 
that will be candid I Euf^land'a heavy job of work, 
inexorably needful to be done, cannot go on at all 
unless her back parlour, too, belong to herself. With 
foreig^n controversies, parliareientary eloquences, with 
American sympathisers, Parisian Smeutiers, Ledru 
Rollins, and a world just now [1848] fallen into bottom- 
less anarchy, parading incessantly through her back 
parlour, no nation can go on with any work. . . . Let 
Irish patriots seek some other remedy than repealing 
the Union ; let all men cease to talk or speculate on 
that, since once for all it cannot be done. In no con- 
ceivable circumstances could or durst a British Minister 
propose to concede such a thing; the British Minister 
that proposed it would deserve to be impeached as a 
traitor to bis high post, and to lose bis worthless head. 
Nay, if, in the pi'esent cowardly humour of most 
Ministers and governing pereons, and loud, insane 
babble of anarchic men, a traitorous Minister did con- 
sent to help bimi^elf over the evil hour by yielding to 
it and conceding its mad demands-even he, whether he 
aaved hia traitorous head or lost it, would have done 
nothing towards the Repeal of the Union. While a 
British citizen ii left, there is left a protestor against 
our country being occupied by foreigrierg, a repealer of 
the Kepeal.' 

Carlyle'a mind was not of a texture to be greatly 
flurried by the prospect of confusion and bloodshed 
which the Repeal of the Union would infallibly carry 
in its train. He would have grimly accepted this 
result. But he would have been moved to the depths 
of his nature by the Liberal palinode of 1886, and the 
consequent spread of untruth among a straightforward 
and truth-loving people. 'A national wound,' howould 
uave said, ' may be healed by the healthy surgery of the 



382 



PERSOSAL KECOLLECnONS OF 



sword, but not when it ifl accompanied by national 
putrefaction.' He would have made his own observa- 1 
tions on tbe fell potency of that party virus which has J 
brought men whom be regarded and loved as younger I 
brothers into partnership with so much that is meaa.f 
and mendacious in political life. Tbey have, I doub^J 
not, their hours of misgiving, if not of self-accusa> 
tion. 



A word or two may here be thrown in as to Carlyle'« I 
relation to the 'Nigger question.' He undoubtedly J 
rated the white man above the black. The capacity ol ,1 
rising to a higher blessedness, and of sufFeriiig a deeper | 
woe, he deemed the prerogative and doom of the white. 
Hence his sympathy with the yellow-coloured weavers 
of Lancashire, as against ' black Quashee over the seas,' 
Even among ourselves he insisted on indelible differ- 
ences. Wise culture could make the cabbage a good 
cahlage and tbe oak a good oak ; but culture could not i 
transform the one into ihe other. It is interesting 
observe how Locke's image of a sheet of white paper, 1 
on which education could write everything at will, laidia 
hold of even powerful minds. I had many disc ussionM 
with the late Mr. Babhage upon this subject. Hii^ 
belief in the all-potency of education, as applied to the T 
individual, I could not share. Brains differ, like voices ; \ 
and as the voicenargan of a great singer must be the 
gift of Nature, so the brain-organ of the great man 
must also be a natural gift. Nobody who knew Carlyle 
could dream for a moment that he meant to be unfaii, 
much less cruel, towards the Ijlacka. ' Do I then hate 
the Negro ? No ; Escept when the soul ia kiUed out 
of him I decidedly like poor Quashee. A swift, avvpr^a 
fellow; a merry-hearted affectionate kind of ^ cieatute, 
with a great deal of meludj and amenability io '''" 
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composition.' It was not the guilt of ' a skin not 
coloured like his own,' but the demoralising; idleneas of 
the negro amid his pumpkins, that drew down the con- 
demnation of Carlyle. His feelings towards the idle, 
pampered white man were more contemptuous and un- 
sparing than towards the black. ' A poor negro over- 
worked on the Cuba sugar grounds, he is sad to look 
upon ; yet he inspires me with sacred pity, and a kind 
of human respect is not denied him. But with what 
feelings can I look upon an over-fed white flunkey, if 
I know bis ways ? Pity is not for him, or not a soft 
kind of it ; nor is any remedy visible except abolition 
at no distant date.' In ' Sartor ' he writes : ' Two men 
I honour, and no third. First, the toil-worn craftsman 
that, with earth-made iLoplement, laboriously conquers 
the earth, and makes her man's. A second man I 
honour, and still more highly: Him who is seen toiling 
for the spiritually indispensable ; not daily bread, but 
the bread of life.' 

Still, it must be admitted that Carlyle estimated 
the whites as of greater value than the blacks ; and he 
deprecated the diversion towards the African of power 
which might find a more profitable field of action at 
home. Perhaps he saw too vividly, and resented too 
warmly, the mistakes sometimes made by philanthro- 
pists, whereby their mercies are converted into cruelties. 
We see at the present moment a philantbiopy, which 
would be better named an ineanity, acting in violent 
opposition to the wise and true philanthropists, who 
are aiming at the extinction of rabies among dogs, and 
of its horrible equivalent, hydrophobia, among men. 
Eeason is lost on such people, and instead of reason 
Carlyle gave them scorn. Perhaps he was too scornful. 
History had revealed to him the unspeakable horrors 
of a black insurrection. Hence his action, as regards 
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Govornor Eyre, after the outbreak at Morant Bay,* 
' Hell bad broken loose, and llie fire must be quenched 
at any cost.' Perbaps he was right ; perhaps he waa 
wrong. The question at the time produced an extra- 
oi'dinary cleavage among intimate frieuds ; but not, to ] 
my knowledge, did it produce any permanent estrange- 
in'int. Huxley and Spencer fought like brothers under 
11 common flag; Hooker and myself, equally fiatemal, 
under the opposite one. We surely did not love each 
other less afterwards because of thia temporary divepJ 
g;ence of judgment. I fervently trust that all ouj 
differences may have a similar end. 

• It is related,' says Dr. Garnet, ' that, fascinated bn 
the grand figure of Michael Angelo, he [Carlyle] opa 
announced his intention of writing his life.' He would I 
have thuB added to his picture-gallery 'The Hero as ' 
Artist.' Carlyle would have found 'The Hero as Man 
of Science ' a more fitting theme. He had mastered 
the ' Principia,' and was wi;ll aware of the vast revolu- 
tionary change wrought, not in Science only, but in the 
whole world of thoiight, by the theory ef gravitation. 
The apparently innocent statement, thnt every particle , 
of matter attracted every other particle with a force 1 
which was a function of the distance between them, I 
carried the mind away from the merely falling atom* J 
of Epicurus and Lucretius to conceptions of molscula/r J 
forcop. By their aid we look intellectually into the I 
jircliitecture of crystals. But the inquiring spirit of man j 
cannot stop there. It now recognises, with what ulti- * 

' I ma.y here say that whpn speiikiQg to Oovctdot Eyre upon till J 
■uhjGCt, be declined to me that he knew lu little, at the time, aboufejl 
iho llogglDga of women and other cnjeltiee, aa I did. But thongtt J 
lie might bave mitigated the Beverity of the verdict against bimsell ■ 
by sbirting Mid odiam on to hia lubordin^tea, he refused to do ((h4 
uid accepted nil the blame. 
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mute results we know not, the all-potent play of 
naiilecular forces in the animal and vegetable organisms. 
Without, however, trenching upon these points, which 
Carl^le saw as in a glass darkly, he would have found 
in Newton or Boyle an appropriate subject. Had he 
taken either of them in hand, he would undoubtedly have 
turned out an impressive figure. Bo^de especially 
would, I imagine, have appealed to his sympathies and 
love. 

The mistake, not unfrequently made, of supposing 
Carlyle's mind to be unscientific, may be further 
glanced at here. The scientific reader of Ilia works 
muit have noticed the surprisiog accuracy of the 
metaphors he derived from Science. Without soucd 
knowledge such uniform exactitude would not have 
been possible. He laid the whole body of the sciences 
under contribution — Astronomy, from the nebular 
theory onwards ; mathematics, physics, chemistry, geo- 
logy, natural history ^-drawing iilnetmtions from all of 
them, grinding the appropriate parts of each of them 
into paint for his marvellous pictures. Quite as clearly 
as the professed physicist he grasped the principle of 
Continuity, aod saw the interdependence of ' parts ' in 
the ' stupendous Whole.' To him the Universe was not 
1 Mechanism, but an Organism — each part of it thril- 
ling and responding sym pathetically with all other parts. 
Igdrasil, *tbe Tree of Existence,' was his favourite 
image : — ' Considering how human things circulate 
each inextricably in communicalion with all, I find no 
similitude so true as this of a tree. Beautiful; alto- 
gether beautiful, and gnat. The '^Machine of the 
Universe," — alas, do but think of that in contrast I'' 
Other penetrative mind- have made us familiar with the 

' HcToct and Hero- Worship, Library Edition, p. 25. 
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*Stnfial OrganisiD,' but Carlyle saw early and utilised^ 
nobly the beauty and tbe truth of tJie metaphor. 

Iq the month of May, 1 840, the foregoing word* 
were spoken. Harking hack to 1831, we find him at 
Craigenputtock, drawing thia picture :— ' As I rode 
through the Schwarzwald I said tn myself: That little 
fire which glows star-like across the dark-growing moor, 
where tbe sooty smith bends over his anvil, and thou 
hopest to replace thy lost horseshoe — is it a detached, 
separated Bpeck, cut off from the whole universe ; or ia 1 
it indissolubly joined to the whole ? Thou fool, that i 
Boiitby-fire was primarily kindled at the sun.' (Joule 
and Mayer were scientifically unborn when these words 
were written.) He continues : — ' Detached, separated I 
I say there is no such separation ; nothing hitherto was 
ever stranded, cast aside ; but all, were it only a withered 
leaf, works together with all, and lives through perpetual 
metamorphoses.' With its parts in ' *terne alterna- 
tion 'the universe presented itself to the mind of Car- 
lyle. 'Tine drop which thou shakeat from thy wet hand 
rests not where it falls, but to-morrow thou findest it 
swept away; already on tbe wings of the north-wind 
it is neariog the Tropic of Cancer. How came it to 
evaporate and not lie motionless? Thinkest thou 
there is ought motionless; without force and utterly 
dead?'' Such passages^and they abound in his 
writings — might justify us in giving Carlyle the credit 
of poetically, hut accurately, foreshadowing the doctrine 
of the Conservation of Energy. As a physiologist 
describes the relation of nerve to muscle, he hits off 
the function, and the fate, of demagogues in revolu- 
tionary times:—' Record of fcheir thought remains not} 
death and darkness have swept it out utterly. Nay, 

I Siirtor ItetartKi, Llbtury Edition, pp. 03, 69. 
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if we had their thought, all that tliey could have articu- 
lately spoken to us, how insiynificant a fraction were 
that of the Thing wlu'ch realised itself, which decieed 
itself, on signal given by theml' Thus, a howling 
Marat, or a sea-green Robespierre was able to unlock 
forces iuHiiitely in excess of his own. 

It was not the absence of scientific power and piR- 
cision, so much as the overwhelming importance which 
Carlyle ascribed to ethical cousicierations and inflnenceSi 
that determined his attitude towards natiural science. 
The fear that moral strength might he diminished by 
Darwin's doctrine accounts for such hostility as he 
showed to the ' Origin of Species.' We had many calm 
and reasonable conversations on this and kindred suh- 
jecls; and I could see that his real protest was against 
being hemmed in. He demanded a larger area than 
that offered by science for speculative action and its 
associated emotion. ' Yes, Friends,' he says in * Sartor,' 
* not our Logical Mensiurative faculty, but our Imagi- 
native one is King overns.'' Worship he defined as 
' transcendent wonder ' ; and the lifting of the heart by 
worship was a safeguard against moral putrefaction. 
Science, he feared, tended to destroy this sentiment. 
I may remaik here that, as a. corrective of super- 
Btition, science, even when it acts thus, is altogether 
salutary. But preoccupation alone could close the eyes 
of the student of natural science to the fact that the 
long line of his researches is, in reality, a line of 
wonders. There are freethinkers who imagine them- 
selves able to sound with their penny twine-balls the 
ocean of immensity. With such Carlyle had little 
sympathy. He was a freethinker of wiser and nobler 
moidd. The miracles of orthodoxy were to him, as to 
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his friend Emerson, ' MonsteTB,' To both of them ' tlie 
blowing clover and the falling rain ' were the true 
miracles. Napoleon gazing at the atara, and gravelling 
hia savanf« with the question : ' Gentlemen, who made 
all that ?' commended itself to their common sympathy. 
It naa the illegitimate science >vhich, In it^ claims, 
overstepped its warrant — professing to explain every- 
thing, and to sweep the imiverse clear of mystery — that 
was really repugnant to Carlyle. 

Here a personal recollection comes into view which, 
as it throws a pleasant light on the relations of Carlyte 
and Darwin, may .be worth recording. Like many 
other noble ladies, Lady Derby was a warm friend of 
Carlyle; and once, during an enlire summer, Kest^n 
liOdge was placed by Lord Derby at Carlyle's disposal. 
From the seat of our common friend. Sir John Lnbbock, 
where we had been staying, the much-mourned William 
Spottiawoode and myself once walked over to the Lodge 
to aee Carlyle. He was absent; but as we returned 
we met him and his niece, the preat'nt Mrs, Alexander 
Carlyle,' driving home in a pony carriage. I had 
often expreaeed to him the wish that he and Darwin 
might meet ; for it could not be doubted that the nobly 
candid character of the great naturalist would make 
its due impression. The wish was fullilied. He 
met us with the exclamation : 'Well, I have been to 
Fee Darwin.' He paused, and I expressed my delight. 
' Yes,' he added, ' I have been to aee him, and a more 
charming man I have never met in my life.' 

The sad years rolled on, and I began at length to 
notice a lowering of his power of conversation, and a 

■ To whom he was indebted not only for her affectionBte cara 
of hia Leal th, but occasioJinll)', in later years, for wise counsel wbore 
bis own faltering judgment might have led him wrong. 
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tendency to Bomnolence, wbicli contrasted strongly 
witli the brisk and fierce alucrity of former times. Ou 
one occasion when I called, ihis waa specially notice- 
able. He was seated before the fire, with Mr. Brown- 
ing ' for his companion. We entered into conversation, 
which, in Carljle'a case, was limited to the answering 
of a question addressed to him now and then. 1 was 
aware of the poeL's habit of early rising, and of his 
hard work, and I wished to know something of the 
antecedents of so strenuous and so illustrious a life. 
Mr. Browning's father and grandfather came thus to be 
spoken of. Carlyle seemed at length to rouse himself. 
'Browning,' Le said, 'it was your ancestor that broke 
the boom stretched across the Fuyle, and relieved 
Derry, when the city waa besieged by James's army.' 
He named tlie ship. ' Siireiy not,' I said ; ' it waa the 
Dartmouth,' In saying this, I relied more upon songs 
committed to memory in boyhood,* than upon his- 
torical knowledge. Carlyle waa right. The relief of 
Derry is described by Macaulay, who has given honour 
to whom honour is due. 

One other trivial item, almost the last, may be 
here set down. In his days of visible sinking, I took 
down to hiin a. tmall supply of estiemely old pale 
brandy from the stores of Juaterini & Brooks, to- 
gether with a few of the best cigars that I could find. 
On visiting him subsequently, I found that he had 
liiiidly touched either the one or the other. Thinking 

' Vigorous when thia p^a waa wiitten ; now, alaa I no mom. 
The reverent alfection with which the poet apoke of, and to, Cailyla 
Wii-^ a delightful feature of this interview. 

' The strophe on which my opinion was founded rone ihim; — 
■ The DaTtnieictIt epreailfi her anow-white sail. 
Her purple pendant flying 0, 
H'liJle we the danDtless heroes hail, 
WLo saved ua all frum dying a' 



391) 



PERSONAL RECOLLECTIONS OF 



I 



tliem worth a trial, I mixed some brandy and water in 
a tumbler, and placing a cigar between Mb fingers, 
gave him a light. The vigour of liia puEFs astonished 
me; his strecgth as a smoker seemed unimpaired. 
With the view of supporting him, I plaeed myself on 
the sofa behind him. After a time, putting aside the 
half-consumed cigar, he drank off the brandy-and- 
water, and with a smile gleaming in his eye,' remarked 
' That's well over.' Soon afterwards he fell asleep. 
Quietly relinciuishing my position as pillow, I left him 
in slumber. This, to the best of my recollection, was 
the last time I saw Thomas Carlyle. 

The disintegration of the firm masonry went rapidly 
on, anrl at length the noble tower fell. Carlyle died on 
February 6, l»8l. 

Immediately afterwards I was visited by Mr. Froude, 
who came to inform me of the arrangements made for 
the funeral. In touching language he described the 
placid beauty of the dead man's face, contrasting it 
with the stern grandeur of Mrs. Carlyle'a countenance 
in her last sleep. The brave and sympathetic Stanley 
wished to have him in Westminster Abbey, but this 
Carlyle had steadily declined. Troops of friends from all 
accessible places would have reverently made their way 
to the burial-ground of Ecclefechan, but it was thought 
desirable to make the funeral as quiet and aa simple as 

sible. Lecky, Froude, and myself formed a small 
delegation from London. We journeyed together north- 
wnrds, halting at Carlisle for the night. Snow waa on 

> I think it was the late Mr. Donne who once remarked to ma 
that Omljle'B beard, by hiding the griiQly-»et month, greatl; im- 
proved hja a)jpcQt.' * His eye was tender aod sweet.' A coioparison 
of the froDfiBpiece of Heroei and TTero- Wtn-shiii with that of Sartor 
IfeariTtiii [Library Bditioiis) will illustrate Mi. Donne's meamng and 
[ustifj his observation. 
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the ground next morning as we proceeded by rail to 
the station of Ecclefechan. Here we found the Iiearae 
powdered over liy the frozen shower of the preceding 
night. Through the siiow-slup we walked to Mainhill, 
the farmhouse wherp Carlyle, in 1824, completed the 
translation of 'Wilhelm Meister.' It may have heen 
the state of the weather, but Mainhill eeemed to me 
narrow, cold, humid, uncomfortable. We returned to 
Ecclefeohan, I taking shelter for a time in the signal- 
room of the station. Here I conversed with the 
signalman, an intelligent fellow, who wished me to 
know that Mr. Jamea Carlyle, who was still amongst 
them, was fit to take rank in point of intellect with 
his illustrious brother. At the appointed hour we 
joined the carriage procession to the churchyard. There, 
without funeral rite or prayer, we saw the coffin which 
contained the body of Carlyle lowered to its last resting- 
f laos, 80 passed away one of the gloriea of the wodd. 
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ON UNVEILING TUB STATUE OF THOMAS 

CAUL ill: 

(SGlh OctobcT, 18B2.} 

AMID scenes well calculated to tinge the mind with 
fioleinnity, if not witL awe, I have lately thought 
a good deal of the hour that is now come, and of the man 
in loving memory of whom we are here at-semhled. And 
with ray tiiouyhts aomctimes mingled the very genuine 
wish tliat the honourahle but trying task now before ma 
had bitn committed to worthier bands. Without c 
Bcious dialoyidty, however, I could not decline the request 
of the Carlyle Memorial Committee; and so, without 
fui'ther preface or apology, here I am. 

You have heard much this year of the hi-decennial 
feetival known as the Preston Guild. Two Gfuilds ago, 
that is to say in 1S42, 1 was a youth in Preston, being 
attached to a division of the Ordnance Survey then 
stationed there. It was a period of gloom and suffer- 
ing in the manufaoturing districts. Some lime prior 
tn tlia Guild, processions of another kind filled tbs 
streets — crowds of shiftless and hungry men who had 
lieen discharged from the silent mills. In their help- 
lessness and misery they bad turned out, so that their 
condition might be seen of all. Well, in Lune Street, 
down which we could look from our office, the tumult 
one day became uumanageuble. Htated by its own in- 
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teraction and attrition, the crowd blazed out into open 
riot, and attacked the bakers' Bhops. Soldiers had 
been summoned to meet this contingency. Actin;^ 
under orders, they fired upon the people, and the riot 
waa quelled at the cost of bloodi 

At the very time when these things were occurring 
in Lancashire, Thomas Carljle was at work on 'Past 
and Present ' at No. 5 Cheyne Row, Chelsea. The cry 
of the famishing weavers came up to him from the 
North, and drew from him his memorable appeal to 
Exeter Halt : — ' In thee too is a kind of instinct to- 
wards justice, and I will complain of nothing. Only, 
Quashee over the seas being once provided for, wilt thou 
not open thine eyes to the hunger-stricken, pallid, yellow- 
coloured " Free Labourers "of Lancashire, Yorkshire, 
Buckinghamshire, and all other shires ? These yellow- 
coloured, for the present, absorb all my sympathies. 
If I had a twenty milliona, with model farms and Niger 
expeditions, it is to them that I would give it. Why, 
iu one of these Lancashire weavers, dying of hunger, 
there is more thought and heart, a greater arithmetical 
amoimt of misery and despenition, tlian in whole gangs 
of Quasheea.' Copied into the Preston newspapers at 
the time, these were the first words of Carlyle that I 
ever read. After the rattle of musketry and spatter 
of bullets, among the weavers and spinners in Lune 
Street, they rang, I confess, with strange impressiveness 
in my ears. 

Carlyle's defects of feeling — if puch there were— • 
could only have reference to the distribution of bia 
sympathy, not to ita amount. His pity was vast, 
and only his divisiiun of it between black and white 
could be called in question. The condition of his 
toiling fellow-countrymen oppressed him like a night- 
mare. Day and ni^ht for years he had brooded upon 
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this suliject, if baply a gleam might be discerned ahow>> 
ing the way tonards amelioration. Braver or wisc-r 
Words were never addressed to the aristocracy of Englujul 
than those addres&ed to them by Carlyle. Braver or 
wiser words were never addressed to the Radicalism ol 
England than those uttered by the same strenuous 
spirit. He saw clearly the iniquity of the Corn Lawa, 
and his condemnalion fell upon them, like the stone oi 
Scripture, grinding them to powder. With equal clear- 
ness he saw the vanity of expecting political wisdom 
(i-om intellectual ignorance, however backed by num- 
Viers. It was like digging for diamonds in Tliamea ' 
mud. Hence the pressing need of public education, 
and hence his powerful advocacy, in advance, of what ' 
his friend Forster has, in these later days, in great part 
realised. He urged the necessity of an organised ^ 
system of emigration, and It might have been well liafi i 
liis prevision been translated long ago into action. But 
though, as regards these and other matters, be uttered 
his views with a strength and clearness peculiar to him- j 
self, his aim, politically, was rather to elevate and en- 
noble public life generally than to enunciate special 
measure?. His influence went far beyond the sphere ] 
of politics. No man of liis day and generation threw J 
60 much of resolution and moral elevation into tha J 
hearts and lives of the young. Concerning the claim 
of duty and the dignity oF work, never man spake like I 
this man. A friend and I agreed some time ago t* J 
describe him as 'dynamic,' not ' didactic ' — a spiritual f 
force, wiiich warmed, moved, and invigorated, but which. 1 
refused to be clipped into precepts. He desired tnilh [ 
in the inward parts. To the Sham, however highly 
placed and run after, his Innguage was : ' Depart hencii, 
in the Devil's name, uuworsbipped by at least one maa, 
and leave the thoroughfare clear.' But his spirit leaped I 
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io recognise true merit and manfulness in all Lfaeir 
ptiases iind Bpheres of action. Braidwood amid the 
flames of Tooley Street, and the riddled Vengeur sink- 
ing to the cry of ' Vive, la Ripublique ! ' found in his 
fitrong soul sympathetic admiration. He, however, 
prized courage less than truth ; and when he found the 
Btory of the Vengeur to he a lie, he transfixed it, and 
hung it up as an historic ecarecrow. The summer 
lightning of his humour, and the pptendour of an ima- 
gination perhaps without a parallel in literature, served 
only to irradiate and vivify labours marked by a 
thoroughness in searching, and a patience in sifting, 
never yet surpassed. The bias of his mind was cer- 
tainly towards what might he called the military virtues ; 
thiolting, as he did, thiit they could not be dispensed 
with in the present temper of the world. But, tbougli 
he bore about him the imafje and superscription of a 
great military commander, had he been a statesman, as 
he might well have been, he would at any fit and proper 
moment have joyfully accepted as the weapons of his 
warfare, instead of the sword andspear^theplougbshare 
and pruning-hook of peaceful civic life. 

One point, touching Carlyle's ethics, may be referred 
to here. Taking all that science has done in the past, 
all that she has achieved in the present, and all that 
she is likely to compass in the future — will she at 
length have told ns everything, rendering onr know- 
ledge of this universe rounded and complete? The 
mswer is clear. After science has completed her 
mission upon earth, the finite known will still be em- 
braced by the 'infinite unknown. And this 'boundless 
contiguity of shade,' by which our knowledge is hemmed 
will alwaja tempt the exercise of belief and imagi- 
nation. The human mind, in its stTuctural and poetic 
capacity, can never be prevented from building its 
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castles — on the rock or in the air, as t!ie case may lio- 
ill this ultra-scientific region. Certainly the mind of 1 
Carlyle could not have been prevented from doing bo. 1 
Out of pure Unintelligenee he held that Intelligence I 
never could have sprung, and so, at the heai't of thinga^ J 
he placed an Intelligence — an Energy which, 'to avoid I 
circuitous periphrasis, we call God.' 1 am here repeaU I 
ing hia own words to myself. Every reader of bis works I 
will have recognised the burning intensity of his oonvic- 1 
tiou that this universe is ruled by veracity and justice, 1 
which are sure in the end to scorch and dissipate all 1 
falsehood and wrong. 

And now I come to the charge eo frequently made I 
against him, that he was the apostle of Slight. He felt.ij" 
perhaps more deeply than his assiiilants, the radical and I 
ineffaceable difference which often subsists between | 
might and right. But 

Uis faitli was large in time. 
And that which Bliupcjs it to some pGrfcct end. 

His own words, which are to he found in the 8th chapter 1 
of ' Chartism,' are these : — ' Might and Right do differ I 
frightfully from hour to hour ; hut give them centuries I 
to try it in, and they are found in the end to be identical.' 
Viewed in the light of this utterance, the advocacy of I 
Might is not, in the abstract, offensive; for it meantafcJ 
bottom the assertion that, in the end, that only ia I 
mighty which has the 'Law of the Universe' on ita 1 
side. \\'ith Carlyle, as with Empedocles, Lucretius, I 
and Barwiu, the Fit survives. His doctrine is tba 
doctrine of science, not 'touched 'hut saturated with >1 
rtligious emotion. For the operation of Force— -the 1 
scientific agent — his deep and yearning soul substituted \ 
the operation of the Energy before referred to, which, 
to avoid periphrasis, we call God. 

The ' Abbey ' would have opened its doors to | 
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welcome him, but he chose to lie down among his oivd, 
in the humble burial-ground of Ecclefechan, where 
manj a reverent pilgrim of the future will look upon 
his grave. Since his death we have had misjudgment 
and misapprehension manifold regarding him and his; 
but these are essentially evanescent, and I therefore pass 
tliem by with a simple comparison to mark their value. 
In Switzerland I live in the immediate presence of a 
mountain, noble alike in form and mass. A bu';ket or 
two of water, whipped into a cloud, can obscure, if not 
efTaee, that lordly peak. You would almost say that 
no peak could be there. But the cloud passes away, 
and the mountain, in its solid grandeur, remains. 
Thus, when all temporary dust is laid, will stand out, 
erect and clear, the massive figure of Carlyle. 

It now becnmes my duty to unveil and present to 
the British public, and to the sfranfjers within our gates 
who can appreciate greatness, the statue of a gre.it man. 
Might I append to these brief remarks the expression of 
a wish, personal perhaps in its warmth, but more than 
personal in its aim, that somewhere upon this Thames 
Embankment could be raised a companion memorial 
to a man who loved our hero, and was by him beloved 
to the end ? I refer to the loftiest, purest, and most 
penetrating spirit that hiis ever shone in American 
literature — to Ralph Waldo Emerson, the life-long friend 
of Thomaa Carljle, 
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PEOPAGATlOy, AJfD PREITENTION OF rUTmSISi. ' 

IT ia now a little over nine years since I receiTed here, 
at Hind Head, a memoir by Professor Koch on the 
' Etiology of Tuberculosis.' Taking it in all its bear- 
ings, the memoir seemed to me of extiaordinary interest 
and importance, not only to the medical men of Eng- 
land, but to the community at large. I therefoie drew 
»p and sent an account of it to the Times. The dis- 
covery of the tubercle bacillus was therein annoiiDe»id 
for the tirst time, and by experimeoti t£ tbe n 
nite and varied character the propagation and 
this ttrrible oi^;ani$m were demonstiated. 

With n^iril to his recent Liboors, Professor Koc^ 
may or may not hav« been ha^ty in tfa« pabUcation of 
bis Tvmeilies for pou^umption. On this pmnt it would 
be out of places on my part, to say a word. But the in- 
V«9ti^tivu3 whtett first tvude«ect his aame &mou9, and 
which, I beti^ivex were iutrvHluced to the English pu1>< 
ho by my«.ll\ av<j Uwft^»Ue. His renowned " 
vu *Wtht*x tf*«*fil Vila tw b« tisitsferred from » 
poaititttt tKM kSn^^^au, tv tho dm-vtorship of 
iwi«l Siiuilyay lustimt* of Berho.whwre he . 
awt.'iu»aua V> *V^ ifolhNig.»e« aud aesisJauts. 
hpUwttt w»^H,4( (Uw*, w«A l>r. Weo^ Cower 
Ubowa w (W OiaWwtt ol Wbe««l.*« wustitute 
»»>^w| *>!' «»d{(i twtivte. 
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After the investigation of Koch, various questions 
of moment pushed themselves imperiously to the front : 
How is phthisis generated? How is it propagated? 
Wliat is the part plajed by the air as the vehicle of 
tubercle bacilli? How are healthy lungs to be pro- 
tected from their ravages ? What value is to be as- 
signed to the hypothesis of predisposition and hereditary 
transmission ? Cornet describes the attempts made to 
answer these and other questions. The results were 
conflicting, and when subjected to critical examination 
they were proved, for the most part, inadequate and 
inconclusive. The art of experiment is different from 
that of observation ; so much so, that good observers 
frequently prove but indifferent experimenters. It was 
his education as an experimenter that gave Pasteur 
such immense advantage over Pouchet in their cele- 
} brated controversy on ' spontaneous generation ' ; and 
it ia on the score of experiment that the writers ex- 
amined by Comet were found most wanting. One 
evil result of this conflict of opinions as to the propa- 
gation and prevention of phthisis, was the unwarrant- 
able indifference which it generated among medical 
men. 

The researches referred to and criticised by Comet 
are too voluminous to be mentioned in detail. Valuable 
information was, to some extent, yielded by these re- 
searches, but they nevertheless left the subject in a 
slate of vagueness and uncertainty. Cornet, in fact, 
when he began his inquiry, found himself confronted 
by a practically untrodden domain. lie entered it with 
a full knowledge of the gravity of his task. The result 
of hib investigation is a memoir of 140 pages, the im- 
portance of which, and the vast amount of labour in- 
volved in it, can be appreciated by those only who hava 
read it and studied it from beginning to end. 
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That tbe matter expectorated by phthisical patients 

IB iafectioiis had been placed by previous investigations 
heyond doubt. Tlie priucipal question set before him- 
self by Cornet had reference to the part played by the 
air in the propagation of lung disease : — Is the breath 
of persoDH suffering from phthisis charged, as assumed 
by some, with bacilli ? or is it, aa assumed by others^ 
free from the organism? The drawing of the 
through media able to intercept its Soating particlt 
and the ezamiuation of the media afterwards, might, 
first sight, appear the most simple way of answerini 
this question. But to examine a thousand litres of 
would require a considerable time, and this ia only one- 
twelfth of the volume which a man breathing quietly 
expires every day. If the air were only sparingly 
charged with bacilli, the amount necessary for a^ 
thorough examination might prove overwhelming 
Instead of the air, therefore, Cornet chose for examine' 
tion the precipitate from the air ; that is to say, the 
dust of tbe sick-ioomj which must contain the bacilli 
in greater numbers than the air itself. 

He chose for his 6eld of operations seven distinct 
hospitals (KrankenhiiuBer), three lunatic asylums (Ii 
renanstalten), fitty-three private houses, and various 
other localities, including private asylums, lecture- 
rooms, surgical wards, public buildings, and the ope^il 
street. The smallness of the bacilli has given currency 
to erroneous notions regarding their power of floating 
iu the air. The bacilli are not only living bodies, but 
heavy bodies, which sink in water and pus, and fall 
more rapidly in calm air. Cornet gathered his dust 
from places inaccessible to the sputum issuing directly 
from the coughing patient. He nibbed it off high- 
hung pictures, clock-cBses, the boards and rails at 
back of tbe patient's bed, and also off the walls behind 
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it. The eoormowB care necessary in such experiments, 
aud, indeed, ia the ubb of instruments generally, bae 
not yet, I tear, been iiniverEally realised by medical 
men. With a care worthy of imitation, Cornet steri- 
lised the lEatnimeEts with which big dust was collectad, 
and abo the vensels in which it was placed. 

The cultivation of the tubercle bacilli directly from 
the dust proved impracticable. Their extraordinary 
slowness of development enabled other organisms — 
weeds of the pathogenic garden — which were always 
present, to overpower and practically stifle them. 
Comet, therefore, resorted to the infection of guinea- 
pigs with his dust. If tuberculosis followed from such 
inoculation, a proof of virulence would be obtained 
which the microscope could never furnish. The dust, 
after being intimately mixed with a suitable liquid, 
was injected into the abdomen of the guinea-pig. For 
every sample of dust, two, three, four, or more animals 
were employed. In numerous cases the infected animal 
died a day or two after inoculation. Such rapid deaths, 
however, were not due to the tubercle bacillus, which, 
as already stated, is extremely slow of development, but 
to organisms which set up peritonitis and other fatal 
disorders. Usually, however, some of the group of 
guinea-pigs escaped this quick mortality, and, to per- 
mit of the development of the bacilli, they were allowed 
to live on thirty, forty, or fifty days. The survivors 
were then killed and examined. In somi^ cases the 
animals were found charged with tubercle bacilli, the 
vinilenee of the inoculated matter being thua esta- 
blished. In other cases the organs of the guinea-pigs 
were' found healthy, thus proving the harmlessness of 
the dust. , 

It must here be borne in mind that the bacilli 
mixed with Cornet's dust must have first floated in the 
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air, and have beeo deposited by it. Considering the 
number of persons who suffer from phthisis, and the 
billions of bacilli espectomted by each of them, it 
would seem a fair a priori deduction Ihat wherever 
people with tlieir normal proportion of consumptive 
subjects aggrpgate, the tubercle biicillus must be pre- 
sent everywhere. Hence the doctrine of 'ubiquity,* 
enunciated and defended by many writers on this ques- 
tion. Common observation throws doubt upon the 
doctrine, while the experiments of Comet are distinctly 
opposed to it. Tested by the dust deposited on their 
furniture or rubbed from their walls, the wards of some 
hospitals were found entirely free from bacilli, while 
others were found to be richly and fatally endowed with 
the organism. Cornet, it may be remarked, does not 
contend that his negative results possess demonstrative 
orce. He is quite ready to admit that, where he failed 
id them, bacilli may have escaped him. But he 
ustly remarks that, until we have discovered a bac- 
terium magnet, capable of drawing every bacillus from 
its hiding-place, experiment must remain more or less 
open to this criticism. Cornet's object is a practice 
one. He has to consider the pn^ainiity, rather than , 
the remote possibility, of infection. The possibility, 
even in places where no bacilli show themselves, may 
be admitted, while the probability is denied. Such 
places, Comet contends, are practically free from 



In the differences as to infectiousness here pointed i 
out, we have an illustration of wisely-applied knowledge, 
care, and control, as contracted with negligence, or 
ignorance, on the part of hospital authorities. And 
this may be a fitting place to refer to a most impressiva ; 
example of what can be accomplished by resolute 1 
supervision on the pnrt of hospital doctors and nurseK.J 
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A glance at the state of thinga existing some years ago 
will enable us to realise more fully the ameliorations of 
to-day. I once had occasion to ask Professor Klebe, of 
Prague, for hia opinion of the antiseptic system of 
Burgery. He replied, 'You in England are not in a 
position to appreciate the magnitude of the advance 
made by Lister. English surgeons were long ago led 
to recognise the connection between mortality and dirt, 
and they spared no pains in rendering their wards as 
clean as it was possible to make them. Wards thus 
puritied showed a mortality almost as low as other 
wards in which the antiseptic system was employed. 
The condition of things in our hospitals is totally 
different; and it ia only amongst us, on the Continent, 
that the vast amelioration introduced by Lister can be 
propetly apprehended.' I may say that Lister himself 
once described hospitals in his own country which, in 
regard to uncleanness and consequent mortality, might 
have vied with those on the Continent. Klebs's letter 
was written many years ago. Later on the authorities 
in German hospitals bestirred themselves, with the 
splendid result disclosed by Comet, that institutions 
which were formerly the chief breeding-grounds of 
pathogenic organisms are now raised to a pitch of salu- 
brity surpassing that of the open street. 

Cornet thus grapples with the grave question which 
here occupies us. How, he asks, does the tubercle 
bacillus reach the lungs, and how is it transported 
thence into the air ? Is it the sputum alone that carries 
the organism, or do the bacilli mingle with the breath? 
This is the problem of problems, the answer to which 
will show whether we are able to protect ourselves 
against tuberculosis, whether we can impose limits on 
the scourge, or whether, with hands tied, we have to 
siuTender ourselves to its malignant sway. If the 
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tubrrele bacilli are carried outwards by the breath, 
then Dotliin^' remains for us but to wait till an infeeted 
puff of expirevi air conveys to us our doom. A kind of 
fatalism, eometimea dominaut in relation to this ques- 
tion, would thus have its justification. There is no 
inhabited place without its proportion of phthisical 
subjects, who, if the fort-going supposition were correct, 
tTOiild be condemned to infect their neif^hbours. Ter- 
rible in this case would be the doom of the sufferer, 
whom we should be forced to avoid, as, in earlier ages,., 
the pl^ue-stritken were avoided. Terrible, moreover,. 
to the iavalid would he the consciousness* that with J 
every discharge from his lunga he was spreading death J 
among those around him. 'Such a state of things,* 
says Cornet, ' would soon loosen the bonds of the family 1 
and of society.' Happily, the facts of the case are very,'! 
different from those here set forth. 

' I would not,' says our author, • go into this sub* i 
ject 80 fully, I would not here repeat what is already I 
known, were I not convinced tliat, in regard to this 
special point, the most erroneous notions are prevalent, J 
not only amongst the general public, but even amoo^ I 
highly-cultivated medical men. Misled by such ntn j 
tions, precautions are adopted which are simply calcu*. J 
lated to defeat the end in view. Thus it is that whil» 1 
one physician ans.iously guards against the expired i 
breath of the phthisical patient, another is careful to. J 
have his epittoon so covered up that no bacilli can f 
escape into the air by evaporation. Neither of them ' 
makes any inquiry about the really crucial point— [ 
whether the patient has deposited all his sputum ia , 
the spittoon, thus avoiding the possibility of the expec- 
torated matter becoming dry, and reduced afterwards to 
a powder capable of being inhaled. 

' While a positive phtbisiophobia appears to have 
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taken possession of some minda, others ignore almost 
completely the possibility of infection. The fact that 
investigations have been published of late, with the 
object of discovering tubercle bacilli in the breath, 
BufBciently indicates that the conclusive researches of 
earlier investigators have not received the proper 
amount of attention, 

' We must regard it,' says Cornet, ' as firmly esta- 
blisbed that, under no circumst;ince, can the bacteria 
contained in a liquid, or strewn upon a, wet surface, es- 
cape by evaporation or be carried away by currents rf 
air. By an irrefragable series of esperimenta Niigeli 
has placed this beyond doubt.' 

The evidence that the sputum is the real source of 
tuberculous infection is conclusive; and here Cornet 
earnestly directs attention to the fact that in the houses 
of the poor the patient commonly spits upon the floor, 
where the sputum dries and is rubbed into infectious 
dust by the feet of persons passing over it. The danger 
becomes greatest when the dry floor is swept by brush 
or broom. There is a still graver danger connected with 
the habits of well-to-do people who occupy clean and 
salubrious houses. This is the common practice of 
spitting into pocket-handkerchiefs. Here the sputum 
is soon dried by the warmth of the pocket, the subse- 
quent use of the handkerchief causing it to be rulibed 
into virident dust. This constitutes a danger of the 
highest consequence, both to the individual using the 
handkerchief and to persons in his immediate neigh- 
bourhood. 

It is a primary doctrine with both Koch and Comet 
that tuberculosis arises from infection by the tubercle 
bacillus. Predisposition, or hereditary tendency, as a 
cause of phthisis, is rejected by both of them. Facta, 
however, are not wanting which suggest the notion oi 
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jirediapotiition. Cornet once attended, in a hotel, an 
iictjresB far advanced in phlhiais. A guest taking pos- 
.sessioQ of ber room after her death, or removal, might 
midoiibtedly become infected. The antecedents of the J 
room being unknown, the case of such a guest would, J 
in all probability, be referred to predisposition. It 1 
might be dtclared, with perfect sincerity, that for years 
be had had no communication with phthisical persons. 
There is very little doubt that numbers of cases of 
tuberculosis, which have been referred to pred if position J 
or inheritance, are to be really accounted for by infeo-l 
tion in some such obscure way. 

Cornet draws attention to hotels and lodging-houses 
at, and on the way to, health-resorts. lie regards them 
us sources of danger, and be insists on the necessity of 
disinfecting the rooms and effects after the death or 
removal of tuberculous patients. He recommenda 
physicians, before sending patients abroad, or to health- 
resorts at home, to infurm themselves, by strict inquiiy^ 
regarding the precautions taken to avoid infectious 
diseases, tuWrculosis among the number. The atten- 
tion of those responsible for the sanitary arTangemeDt& 
in tlie health-resorts of England may be invited to the 
following observation of Comet: — 'On a promenade 
amidst a hundred phthisical persons who are careful to J 
espei-torate into spittoons, the visitor is far safer than I 
among a hundred men, taken at random, and emhraeiog i 
only the usual proportion of phthisical persons whs 
spit upon the ground.' 

With regard to the pfrmanenee of the tubercle oaa~ 
tagiiiin. the f-llnwing facts are iUustrative. A woman, 
who had for two y^an suffered from a phthisical cough, 
«id who had been in the habit of spitting fir^ iipo« 
tbe pomid» luid aftMwau^ into a giara w a pockeU 
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handkerchief, was visited by Cornet. During lier life- 
time he proved the dust of her room to be infectious. 
Sis weeks after her death he again visited the dwelling. 
Rubbing the dust from a square meter of the wall on 
which he had formerly found hia infectious matter, and 
which had not been cleansed after the woman's death, 
h« inoculated with it three of his guinea-pigs. Ex- 
amined forty days after the inoculation, two of the 
three were found tuberculous. Comet reasons thus : — 
'No doubt the dust which had thus proved its virulence 
would have retained it for a longer time. Schill and 
Fischer, indeed, have provad that, after eix months' 
preservation, dried sputum may retain its vii-ulence. 
During this period, therefore, tJie possibility of iofeetion 
by this dust is obviously open. When, moreover, the 
quantity of infectious matter inhaled is very small, a 
considerable time elapses before the development of the 
bacilli renders the malady distinct. Even if a. year 
should elapse after the death of a phthisical patient 
before another member of the same household shows 
symptoms of lung disease, we are not entitled to assume 
a hereditary tend.ency without further proof. Aware of 
the facts above mentioned, we ought rather to ascribe 
the disease to infection by the dwelling, not to mention 
its possible derivation from other sources.' 

On January 1 4, 1 888, Cornet visited a patient who, 
for three-iniarters of a year, had suffered from tuber- 
culosis of the lung and larynx. The dust of the room 
occupied by this man was proved to contain virulent 
infective matter. A brother of the patient who, at the 
time of the examination of the dwelling, was alleged to 
be in perfect health, exhibited phthisis of the larynt 
four months afterwards. 'We are surely,' says Cornet, 
'warranted in ascribing this result, not to heredity, or 
any other hypothetical cause, but to the naked fact tliut 
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the dust of tliis dwelling contained tubercle bacillf 
wliich were ciipable of infecting the lungs and larynx 
vi 11 man, as they did the peritoneum of a gninea- 

On December 31, 188T, Comet visited a man vfaa'l 
for two years had suffered from phthisis. He lived i 
the Kime room with two brothers who were very ro- 1 
bast, one of whom, however, had liegun to cough, 
tlioiigh without any further evidence of serious disorder, 
Tlie patient had been at home for eight days, wbDe 
previously he had acted as foreman in a tailoring esta- 
blishment. It waa proved, to a certainty, that this 
patient had taken the place of a collfogiie who had died 
from phthisis of the throat, and who had been in the 
habit of expectorating copiously upon the floor. In the 
workroom, moreover, the present suiFerer had occupied ■ 
a place next to the man who died. Comet called upon \ 
the proprietor of the establishment, who allowed Mm 
every opportunity of examining the room, in which 
eight or ten workmen were engaged. With dust rubbed 
from about two square meters of the wall, near the spot 
whe e the patient now works. Comet infected guinea- ■ 
pigs and produced tuberculosis. He ridicules the notion f 
oi ascribing tliis man's malady to any hereditary endow- I 
naent or predisposition, derived, say, from a phthisical I 
mother, whiuh, after sleeping for twenty years, noke up I 
to action at the precise time when he was surrounded 1 
by infective matter. Our author regards this, andl 
other similar cases which he adduces, as of special in- I 
terest. The tuberciilous virus was here found in roonm \ 
containing several workmen, who had thus an opportu- i 
nity of infecting each other. The infection, moreover, ' 
occurred among tailors, who are known to be special J 
sufferers from phthisis. 

The general belief some time ago, which, to somd I 
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extent, may hold its ground to the present hour, was 
tliat this wasting inaiy.dy arose from some peculiarity 
in the individual constitution, independect of infection 
from without. Enormous mischief has been dona 
through exa{;gerated and incorrect notions regarding 
the influence of predisposition and inheritance, Mem- 
beni of the came family were ohserved to fall victims to 
tliia scourge, but each was regarded as an independent 
source of the disease, to the exclusion of the thought 
that the one had infected the other. Two or three days 
ago an old man here at Hind Head told me that he 
bad lost three children in succession through phthisis; 
and he mentioned another case where five or sis robust 
brothers had fallen, suceeasively, victims to the same dis- 
ease. ' I am sure,' said (he man, with a flash of intelli- 
gence across his usually imintelligent countenance, ' ii 
7nust be catching.'' Cornet describes some cases which 
irrepistibly suggest family infection. In 1887 he visited 
a patient, the father of a family, who, six years previously, 
bad lost by consumption a little girl fourteen years old, 
A year and a half afterwards a daughter of the same 
man, twenty-one years old, fell a victim to the disease. 
One or two years later a robust son succumbed, while, a 
fortnight before Comet's visit, a child a year and a half 
old had been cariied away. Without doing violence to 
the evidence, as Cornet remarks, these cases may be 
justly regarded as due to family infection. For many 
years the father had suffered from a phthisical cough, 
and directly or indirectly be, in all probability, infected 
bis children. 

In connection with this subject, I may be permitted 
to relate a sad experience of my own. It is an easy 
excursion from my cottage in the Alps to the remark- 
able promontory called ' The Nessel,' oo which stands a 
cluster of huts, occupied by peasants during the sum- 
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mer months. On visilinf; The Nessel three years ago^ 
I was requested to look into a hut occupied by a mau 
suffering from a I'ackiny cough, accompanied hy copioiu 
espectoration. I did so. It was eiisy to ace that the 
poor fellow was the victim of advanced lung disease, 
tn the same hut lived his dauglitev, who, when I firat 
eaw her, presented tlie appearance of blooming health 
and vigour. A&juainted as I was with Koch's dis- 
coveries, I remarked to a friend who accompanied me, 
that the girl lived in the midst of peril. We had here 
the precise conditions notified by Cornet : spitting on 
the floor, drjing of the sputum, and the subaequent 
treading of the infectious matter into dnst. Whenever 
the hut was swept, this dust mingled freely with the 
air, and was of course inhaled. 

I warned tJie girl against the danger to which she 
was exposed. But it is sometimes difficult to make 
even cultivated people comprehend the magnitude of 
this danger, or take the necessary precautions. A yeaj 
afterwards I visited the same hut. The father ^ 
standing in the midst of the room — a well-built man, 
nearly oix feet high, and as straight as an arrow. He 
was wheezing heavily, being at intervals bowed down 
by the violence of his cough. On a stool in the same 
room sat his daughter, who, a year previously, had pf»ij 
sented such a picture of Alpine strength and 1 
Her appearance shocked me. The light had gone oitM 
of her eyes, while the pallor of her face and her panting 
breath showed only too plainly that she also had beeiH 
grasped by the destroyer. There are thdusanda at t^^ 
moment in England in the position I then occupied^ 
standing helpless in the presence of a calamity thj 
might have been avoided. All that could be done » 
to send the sufferers wine and such Uttle delicacies as I ■ 
eoulil command. Last summer I learned that botb 
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father and daughter were dead, the daughter having 
been the first to succumb. 

In opposition to those who consider that they have 
found bacilli in the breal.h of phthisical patients. Cornet 
adduces a number of very definite results. Patients 
hate been caused to breathe against plates of glass 
coated with glycerine, which would nndoubtedly have 
held the bacilli fast. Water has been examined, through 
which the air expired by phthiBical lungs hud been 
caused to pass. In this case the bacilli, being moist, 
would have been infallibly intercepted by the water. 
The aqueous vapour exhaled by consumptive lungs has 
been carefully condensed by ice ; but no bacilli has, in 
any of these cases, been detected. It behoves thirae 
who have arrived at an opposite result to repeat their 
experiments with the most scrupulous care, so that no 
doubt should be suffered to rest upon a point of such 
supreme importance. The lungs, air-paasages, throat, 
and mouth all present wet surfaces, and it has been 
proved that even with sputum rich in bacilli, over 
which a current of air of con.siderahle force had been 
driven, the air was found perfectly free from the 
organism. 

The immunity as regards infection which to so 
great an extent is observed, is ascribed by Cornet In 
part to the intensely viscous character of the spi;t-jm 
when wet. Even after it has been subjected to a dry- 
. ing process its complete desiccation is opposed by its 
poBcopic character. Cornet calls other investigators 

^r him witness that the task of reducing well-dried 

I to a fine powder, even in a mortar, is by no 

easy one. It is difficult to produce, in this 

t fine enough to remain suspended in the air, 

I he an error to suppose that dry tuberculous 

=01 trodden upon iu the streets, sends a cloud 
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vf infected diiat upwards. Its hygroBCopie qualities ia 
greiit part prevent this. When dried sputum ia re- 
duced to powder in a humid place, it attracts to it>t-lf 
moisture-, aud collects into little balls. The streets in 
which phthisical persona expectorate are rendered in- 
nocuous by rain, or by the artificial watering common 
in towns. Comet regards this watering as an enormous 
sanitary advantage. No doubt when dry east winds 
prevail for a sufficient time, infectious dust will mingle 
with the air. During easterly winds infectious diseases 
are knDwn to be pariicularly prevalent. Our sufferings 
from influenza during the present year have been con- 
nected in my mind with the long-continued easterly 
and north-easterly winds, which, sweeping over vast 
areas of dry land, brought with them the contaginm that 
produced the malady. Besides the difficulty encountered 
before the sputum reaches the state of very fine powder, 
other difficulties are presented by tbe numberless angles 
and obstacles of the respiratory tract, and by thi 
integrity of the ciliary-epithelium, to the more or 1( 
vigorous action of which is due the fact that ami 
thousands of opportunities we have only here and thei 
a case of infection. 

The action of the tubercle bacillus is determined 
the state of the surface with which it comes into 
tact. Wounds or lesions, caused by previous dise 
Buch as measles, whooping cougb, and scarlatina, mi 
exist along the respiratory canal. By illness, moreova', 
the epithelium may be impaired, the inhaled bacil 
being thus offered a convenient domicile. If it 
thought desirable to call such a state of things 'pre- 
disposition,' Cornet will raise no objection. Wherever 
a wounded or decaying tissue exists the bacillus 
find, unopposed, sufficient nutriment to enable it 
crease in number, and to augment in vigour, before 
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comes into contact, and conflict, with the living cells 
uoderneath. It is not any such predisposition, but pre- 
disposition by inheritance as asoitrce of phthisis that is 
contended a^-ainst by Cornet. That Koch entertained a 
diS'erent opinion is declaimed to be abaohitely erroneous. 
The admission that a disease may be favoured, or pro- 
moted, by this or that circumstance ia not tantamount 
to the assertion that in all, or nearly all cases, this cir- 
cumstance ia the cause, concomitant, or necessary pre- 
cursor of the dissiise. Tills is the view generally enter- 
tained regarding 'predisposition.' 

Comet's further reasoning on this subject reveals 
his views so clearly that I will endeavour, in substance, 
to reproduce it here. Let a bos be imagined filled with 
finely-divided bacillus dust, and let a certain number 
of guinea-pigs be caused, for a very short time, to inhale 
thia dust. A few of them will be infected, while the 
great majority will escape. If the inhalation be pro- 
longed, the number of animala infected will increase, 
until at length only one or two remain. With an ex- 
posure still more prolonged the aurviving ones would 
undoubtedly succumb. Why, then, in the first instance, 
does one animal contract tuberculosis and another not? 
Have they not all inhaled the same air, under the same 
conditions ? Are the animals that have escaped the 
first contagion less ' disposed ' than the survivors to the 
disease? Assuming the animals to be all perfectly 
healthy, such differences will be observed. But, sup- 
posing them to be weakened in different degrees by 
previous disorders, the differences revealed in the case 
of healthy animals would be more pronounced. This, 
with hnmau beings, is the normal state of things. 

Take the ease of a veteran who has been to the 
front in fifty different battles, who, right and left of him, 
has seen his comrades fall, until haply he remains the 
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■.)le Biirvivor of bis regiment, without scratch or contn- 
Bion. Shall we call him bullet-proof ? Will his safety 

be ascribed to nn absence of ' predisposition ' to attract 
the bullets — thus enjoying an immunity which the 
Buperdtition of former i^jes would have ascribed to him ? 
Is he more bullet-proof or less vulnerable than the com- 
rade who by the first volley in tba first battle was shot 
ilown? ' How often,' says Cornet, ' do such cases repeat 
themself in life ? and are we able to do more than de- 
scribe them as acciiJents? Unscientific as this word 
may appear, it is more in harmony with the truUi than 
any arlificial hypothesis.' 

The opportunities for incorrect reasoning in regard 
to phthisis are manifold. It is observed, for example, 
that a hospital attendant, who baa had for years, even 
for decades, consumptive patients in his charge, has, 
nevertheless, escaped infection. The popular conclu- 
sion finds vent in the words, ' It cannot be bo danger- 
ous after all I ' Here, however, attention is fired on i 
single fortunate individual, while the hundreds who,9 
during the same time, have succumbed are furgottea.1 
The danger of infection in different hospitals 
variable danger. In some we find bacilli,, white i 
others we do not find them. It ia no wonder, 
that among attendants who are thus exposed to diffew 
ent degiees of danger, some should be infected an^ 
others not. When, in cases of diphtheria, typhus,^ 
cholera, small-pox, which are undeniably infectious 
diseases, an attendant escapes infection, we do not 
exclaim, 'They are not so dangerous after all I' But 
this is the favourite espreasion when pulmonary 3 
sumplion is in question. ' When,' adds Comet, wit 
dasJi of indignation, ' we observe the enormous increaa^ 
of phthisis among the natives of Mentone,and find tlifa" 
ascribed to the abandonment of land labour, instead of ti 
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intercommunication with the conBumptive patients whi' 
spend their winter at that health-resort, it wonld Beem 
as if some people shut their eyes wilfitUj against the 
truth.' 

Again and again our authni insists on the necessity 
of the most seaiching oversight on the part of physi- 
cians who have consumptive patients in charge. 'I 
cannot,' he says, ' accept as valid the assertion that in 
well-ordered hospitals provision is invariably made for 
expectoration into proper vessels, the conversion of the 
sputum into infectious dust being thereby rendered im- 
possible. Take a case in point. One of the physicians 
to whose kindness I owe the possibility of carrying on 
my investigation, assured me in the most positive 
manner thjit the patients in his hospital invariably used 
spittoons. A few minutes after this assurance had been 
given, and under the eyes of the director himself, I drew 
from the bed of a patient a pocket-liandkercliief filled 
with half-dried phlegm. I rubbed from the wall of the 
room, at a distance of half a meter from the bed of this 
patient, a quantity of dust, with which, as I predicted, 
tuberculosis was produced. If, therefore, physicians, 
attendants, and patients do not work in unison, if the 
patient and his attendants be not accurately instructed 
and strictly controlled, the presence of the spittoon will 
not diminish the danger,' 

In the dwellings of private patients the perils here 
glanced at were most impressively brought home to 
the inquirer. In lifteen out of twenty-one sick-rooms, 
that is to say, in more than two-thirds of them. Comet 
found in the dust of the walls and bed -furniture virulent 
tubercle bacilli. He refers to his published tables t^ 
prove that iu no ward or room where the organism was 
found did the patients confine themselves to espectora- 
tion into spittoons, but were in tlie habit of spitting 



416 OS THE OBIGDi. PKOPAGATK»^ 

rithtr ^HB the flooo or into pocket-handkerchiefs. 
■0 aa^e ^tfe,<)Btb Mh«r tmod, where ^ittiog oq tlie 
Basr sr iaio [ncketr4uii<ikeichie& was stiictlj and 
1^ pwhibited, did be God bimself able to pro- 
a fma the oc4t«cted dust. 
A faint al eaaadeniHa importance, more specially ^ 
■It vi>k 17 Cbnket in a fmther investi^ratiun, has 
e t0 tbe allcgatioa that phraciaos who attend , 
I padenta do not ebow amonv tliemaelves ' 
the frij^ht^ murtalit; from phthisis that mi^ht be 
azpKted. This is oft«ii adduced as proof of the com- 
fwimtive haimle$sne^ of the tubercle bacillus. No in- 
vcstig«tioa, bowerer, has proved thut tlie mortality 
smon^pbyndana by phthisis does oot far exceed the 
aT«nge> And eTcn should this mortality show no great 
prepondcnnee, it is to be borne in mind that the 
number of phyndans who, thanks to their education, 
are able to discern the tirst approaches of the malady^ 
and to master it in time, is by no means inconsiderable. 
lo the health- resoits of Gennany, Italy, Fiance, and 
Africa, w« find numbers of physicians who have been 
c-impetted, by Uieir own condition, to establish theii 
piactioe in such places. 

The memorable paper of which I have here given a 
ct>nceiit rated abstract com-ludes with a chapter on 
'Preventive Measures,' which are assuredly worthy of 
pjave attention on the part of Governments, of bo»pital 
authorities, and of the public at large. The character 
of these measures may be, in great part, gathered from 
the foregoing pages. It is more than once enunciated 
in Comet's memoir that the first and greatest danger 
to which the phthisical patient, is eipo^ed is hiitiaelf. 
If he is careless iu the disposal of his phlpgm, if he 
■uSers it lo become dry and converted into dust, then. 
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by the inhalation of a contagium derived from the 
diseased porliona of his own lung, be may iofect the 
healthy portions. ' If, therefore,' eaya Cornet, ' the 
phthisical patient, to avoid the guilt of self-murder, is 
compelled to exercise the utmost caution, he is equally 
bound to do so for the sake of his family, his children, 
and Ilia servants and attendants. He must bestow the 
moat anxious care upon the disposal of his sputum. 
Within doors he must never, under any ni re um stances, 
spit upon the floor, or employ his pocket-handkerchiet 
to receive his phlegm, but always and everywhere must 
use a proper spittoon. If he is absolutely faithful in 
the carrying out of these precautions, he may accept 
the tranquilltsing assurauee that he will neither injure 
himself nor prove a source of peril to those around 
him.' 

Though mindful of the danger of interfering with 
social arrangements. Cornet follows out his preventive 
measures in considerable detail. Hand-spittoons, with a 
cover, he recommends, not with the view of preventing 
evaporation, but hi^cause flies have been known to carry 
infection from open vessels. Without condemning the 
practice, he does not favour the disinfection of pputum 
by carbolic acid and other chp.raicals. He deprecates 
the use of sand or sawdust in spittoons. On sesthetio 
grounds, he would have the spittoons of those who can 
afford it made ornamental, but earthenware saucers, 
such as those placed under flower-pots, are recommended 
for the use of the poor. The consumptive patient must 
take care that not only in his own house, hut also in 
the otEcea and workshops where he may be engaged, he 
is supplied witha proper spittoon. In public buildings, 
as in private houses, the corridors and staircases ougtit 
to be well supplied with these necessaries. The ascent 
of the stairs often provokes coughing and expectoration. 
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Bod the means of disposing of phlegm ought to be at 
hnnd. The directors of factories, and the masters of 
worksliopa, as well as the workmen themselves, ought 
(ji mate sore that, under no circumslanees, shall 
spitting OD the floor or into a pocket-handkerchief to 
tolernted. 

One final word is still to be spoken. If we are ta 
figlit this eotm; with success, the pullic must make 
common cause with the plijsici^in. The fear of spread- 
ing panic among the community, and more particularly 
among hospital nurses, must be difmisi«d. Unlest 
ntirses, patients, and public, realije with clear iotelli- 
gence the dangers to which thej are exposed, the; vOl 
not resort to the measures necessary for their protection. 
Should the sources of infeLtion be only paitUlly re- 
moved, the marked diminution of a maladv, which now 
destroys more human beinn^ than all other infectiTe 
diseases taken together, will, as pointed out by ( 
be ' our esceeding great reward.' 
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Dr. Cornet's great invest igatioa, of wbidi a 
count is given above, ia entitled, ^Tbe 1 
Tubercle Bacilli eiterior to the Body.' It ■ 
in 1888. A shorter, though not kss import£At ii 
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in 1889. These two memoirs will be found p 
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of the vague and contradictory Btatementa which issued 
from the authorities of different hospita,l3, the problem 
cried aloud for solution. For aid and data, under these 
circumstances, Cornet resorted to Herr von Gossler,the 
Prussian Minister of State, who, at that time, had 
medical matters under his control. From him he re- 
ceived the most hearty furtherance and encouragement. 
Dr. von Gossler has recently resigned hia post in the 
Prussian Ministry, but his readiness to forward the 
momentous inquiry on which Cornet was engaged 
merits the grateful recognition of the public and the 
praise of scientific men. 

The number of female nurses in Prussia, as shown 
by the Btatistics of the Royal Bureau of Berlin for 1885, 
was lljOiS. Of these, the Catholic Sisters of Mercy 
numbered fi,470, or 49*5 1 per cent. ; Evangelical nurses, 
2,496, or 22-59 per cent. ; nurses belonging to other 
societies and associations, 352, or 3*19 per cent.; while 
of unclassified nurses there were 2,730, or 24-71 per 
cent, of the whole. The male attendants, at the same 
time, numbered 3,162. Of these, 383 were Brothersof 
Mercy, 205 were deacons, while of unclassified attendants 
there were 2,574. 

The sifting of these numbers was a labour of anxious 
care to Dr. Cornet. It had already been remarked by 
Guttstadt that the commercial attractions of hospital 
service were InsufGcient, without the help of some ideal 
motive, to secure a permanent staff. This motive was 
Ibiind in devotion througli a sense of religious duty to 
the service of the sick. The sifting of his material 
made it clear to Cornet that, to secure a safe basis of 
generalisation, by causing it to embrace a sufficient 
number of years, he must confine himself solely to the 
nurses of the Catholic orders. The greater freedom 
enjoyed and practised by Protestants, in charging their 
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while later on it vanishes altogether. The 

1 of this is, that the older nurses are gradually 

idrawn from the heavier duties of their position 

the attendant danger of infection. 

In these hospitals, deaths from typhus and other 

;ctioua disorders exhihit a frequency far beyond 

mal; but the enormous total augmentation is 

kinly to be ascribed to the fiequency of deaths from 

Mierciilosis. The excess of mortality is to be referred 

I the vocation of nursing, and the chances of infection 

polvod in it. Cornet examines other assumptions 

might be maile to account for the mortality, and 

■ves cogent reasons for dismissing them all. The 

lanquil lives led by the nurses, the freedom from all 

pxiety in regard to subsistence, the moderation ob- 

erved in food and drink, all tend to the preservation 

f health. They live in peace, free from the irregula- 

nties of outside life, and their contentment and cir- 

fcumstances generally are calculated rather to prolong 

Itheir days than to shortea them. 

Comet is very warm in his recognition of the devo- 

Ition of these Catholic nurses, two-thirds of whom are 

I Baorificed in the service which they reuder to suffering 

I humanity. And they are sacrificed for the most part 

I in the blossom of their years; for it is the younger 

Durses, engaged in the work of sweeping and dusting, 

whose occupation charges the air they breathe with 

virulent bacilli. The statistics of tteir mortality Cor- 

regards as a monumental record of their lofty 

self-denial, their noble, beneficent, and modest fidelity 

to what they regard aa the religious duty of their 

lives. 

But, he asks, is it necessary that this sacrifice 
should continue ? His answer is an emphatic negative, 
to eslablish which he again sums up the results which 
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we have learnt from his first memoir :- — It is uDivei* 
ally recognised that tuberculosis is caused by tubenrle 
bacilli, which reach the lungs through the iuhalatioti 
of air in which the bacilli are diffused. They ooma 
almost exclusively from the dried sputum of consump- 
tive persons. The moist sputum, as also the exptreil 
breath of the conaiimptive patient, is, for this mude of 
infection, without danger. If we can prevent the dry- 
ing of the expectorated matter, we prevent in the same 
degree the possibility of infection. It is nut, however, 
sufficient to place a spittoon at the disposal of tbe 
patient. The strictest surveillance must lie esyrcised 
by both physicians and attendants, to enforce ihe pro- 
per use of the spittoon, and to prevent the reckless dis- 
posal of the infective phlegm. Spitting on the floor 
or into pocket-handkerchiefs is the main source of 
peril. To this must be added the soiling of the bed- 
clothes and the wiping of the patient's mouth. The 
handkerchiefs used for this purpose must be handled 
with care, and boiled without delay. Various other 
sources of danger, kissing among them, will occur to 
the physician. A phlhisical mother, by kissing her 
healthy child, may seal its doom. Notices, impressing 
on the patients the danger of not attending to the pre- 
cautions laid down in the hospital, ought to be posted 
up in every sick-room, while all wilful infringements of 
the rules ought to he sternly punished. Thus may tlie 
terrible mortality of hospital nurses be diminished, if 
not abolished ; the wards where they are occupied being 
rendered as salubrious as those surgical wards in which 
no bacilli could be found. 



Reflecting on the two investigations which I have 
here endeavoured to bring, lucidly if briefly, before 
my readers, the question arises — ' What, under th« 
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be pennitted to give some account of it in the ' Times.' 
Tile address, a copy of wMih lias been courteously sen I 
to me by its author, is entitled 'The Etinlogy ol 
Tubercular Disease.' Kocb first made himself known, 
and famous, by the penetiation, skill, and thorcughness 
of bis researches on tbe conta^ium of anthrax, or splenic 
fever. By a process of inoculation and infection he 
traced this terrible parasite ttrough all its Btages of 
development and through its various modes of action. 
This masterly investigation caused the younj^ physician 
to be transferred from a modest country practice tn the 
neighbourhood of Breslau to the post of Govern- 
ment Adviser in the Imperial Health Department of 
Berlin. 

From this department has lately issued a most ini-. 
portant series of investigations on the etiology of in- 
fective disorders, Koch's last inquiry deals with it 
disease which, in point of mortality, stands at the 
head of them all. 'If,' he says, 'the seriousness of a 
malady be measured by the number of its victims, 
then the most dreaded pests which have hitherto 
ravaged the world — phigue and cholera included — 
must stand far behind the one now under consider- 
ation.' Then follows the startling statement thai one- 
seventh of the deaths of the human race are due to 
tubercular disease. Prior to Koch it had been placed 
beyond doubt that tbe disease was communicable ; and 
the aim of the Berlin physician has been to determine 
the precise character of the contagium which previous 
eiperiments on inoculation and inhalation had proved 
to be capable of indefinite transfer and reproduction. 
He subjected the diseased organs of a great number of 
men and animakto microscopic examination, and found, 
in aE cases, the tubercles infested by a minute, rod- 
ihaped parasite, which, by means of a special dye, be 
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differentiated from the aurrounding tiesue. ' It was,' 
he Bays, ' in the highest degree impressive to observe in 
the centre of the tubercle-cell the minute organism 
which had created it.' Transferring directly, by 
inoculation, the tuherculoua matter from diseased 
animals to healthy ones, he in every instance re- 
produced the disease. To meet the objection that 
it waa not the parasite itself^ but some virus in 
which it was imbedded in the diseased organ, that 
was the real contagium, he cultivated his bacilli 
artificially for long periods of time and through many 
successive generations. With a speck of matter, for 
example, from a tuberculous human lung, he infected 
a substance prepared, a!ler much trial, by him- 
self, with the view of affording nutriment to the para- 
site. In this medium he permitted it to grow and 
multiply. From the new generation he toolc a minute 
sample, and infected therewith fresh nutritive matter, 
thus producing another brood. Generation after gener- 
ation of bacilli were developed in this way, without the 
intervention of disease. At the end of the process, 
which sometimes embraced successive cultivations ex- 
tending over half a year, the purified bacilli were in- 
troduced into the circulation of healthy animals of 
various kinds. In every case inoculation was followed 
by the reproduction and spread of the parasite, and the 
generation of the original disease. 

Permit me to give, a little more in detail, an 
account of Koch's experiments. Of six healthy guinea- 
pigs, four were inoculated with bacilli derived origi- 
nally from a human lung, which, in fifty-four days, 
had produced five successive generations. Two of the 
six animals were not infected. In every one of the 
infected cases the guinea-pig sickened and lost flesh. 
After thirty-two days one of them died, and after thirty- 
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five days the remaining five were kilUd ai3 er- 
ainined. In the guinea-pig that died, and in the 
three remaining infected ones, strongly-pronounced 
tubercular disease bad set in. Spleen, liver, and 
lungs were found filled with tubercles; while in 
the two uninfected animals no trace nf the disease 
was observed. In a second experiment, six out 
of eight guinea-piga were inoculated with cultivated 
bacilli, derived originally from the tuberculous limg 
of a monliey, bred and re-bred for ninety-five 
days, until eight generations had been produced. 
Every one of these animals was attacked, while 
the two uninfected guinea-pigs remained perfectly 
healthy. Similar experiments were made with cats, 
rabbits, rats, mice, and other animals, and, without 
exception, it was found that the injection of the para- 
site into the animal system was followed by decided 
and, in most cases, virulent tubercular disease. 

In the cases thiis far mentioned inoculation had 
been effected in the abdomen. The place of inoculation 
was afterwards changed to the aqueous humour of the 
eye. Three rabbits received each a speck of bacillus- 
culture, derived originally from a human long affected 
with phthisis. Eighty-nine days had been devoted 
to the culture of the organism. The infected rabbits 
rapidly lost flesh, and after twenty-five days were tilled 
and examined. The lungs of every one of them were 
found charged with tulierclea. Of three other rabbits, 
one received an injection of pure blood-serum in the 
aqueous humour of the eye, while the other two were 
infected in a similar way, with the same serum, con- 
taining bacilli derived originally from a diseased lung, 
and subjected to ninety-one days' cultivation. After 
twenty-eight days the rabbits were killed. The one 
nhich had received an injection of pure serum was 
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md perfectly healthy, while the lungs of the two 
fbtliera were found overBpread with tuherclea. 

Other experiments are recorded in this admirable 
I eKiay, from which the weightiest practical cooclusiuDs 
I may be drawn. Koch determines the limits of temper- 
ature between which the tubercle bacillus can develop 
I and multiply. The minimum temperature he finds 
I to he 86° Fahr., and the maxiTfium, 104°. He con- 
I oludea that, unlike the Bacillua anfhnicis of splenic 
I fever, which can flourish freely outside the animal 
I body, in the temperate zone animal warmth is neces- 
sary foi- the propagation of the newly -discovered 
organism. In a vast number of cases Koch has 
esamined the matter expectorated from the lungs 
of peroouH affected with phthisis, and found in it 
swarms of bacilli, while in matter discharged from 
the lungs of persons not thus afflicted he has never 
found tlie organism. The sputum in the former cases 
was highly infective, nor did drying destroy its 
virulence. Guinea-pigs infected with expectorated 
■ matter which had been kept dry for two, four, and 
eight weeks respectively, were smitten with tubercular 
disease quite as virulent as that .produced by fresh 
ex peel oration. Koch points to the grave danger of 
inhaling air in which particles of the dried Fputa ot 
consumptive patients mingle with dust of other 
kinds. 

The moral of these experiments is obvious. In 
no other conceivable way than that pursued by Koch 
could the true character of the most destructiva 
malady by which humanity is now assailed be de- 
termined. And however noisy the fanaticism of the 
moment may be, the common-sense of Englishmen 
will not, in the long run, permit it to enact cruelty 
in the name of tenderness, or to debar us from the 
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Hf:lil at]'] lending of such investigations as that wbicn 
is bcre so imperfectly described. 

Yovir obedient servant, 

JonjI TlNDALL. 
HiKD Qeid. April 20. 1883. 



Note. 

Twenty yeare ago I received letters descrlHng to me the griel 
and min introdnced into families throngb tbe notion, then p' 
leiit, that typlioid fever is non-contBgions, When Dr. William Bud 
published his researcliea on this subject, showing by facts a 
reaaoninga as cogent as it wbb in the power of bi 
the infeccionsnesfl of the fever, certain writere discerned io that 
important worlt a proof of the decadence of Budd's intellect, and 
gave till; public the beoelit of their conclusiona. 

In regard to the coatDgiousnesa of phtliiais, 
seems, to face the same danger It may not, therefore, ba out a 
place to cite an illustrntioa of the reoklessneaa etimulatod by ti 
assertion that ' consumplion is not an infeolionB disease.' V 
occupied with experiments on the inhalation of tnberculons ai 
d(^a, Tappeiner was aasifited by a robust man of forty, who v 
Bpecially warned never to tarry in tbe locality where the d 
confined. He, however, seemed bent oa proving the docttii 
tuberelOHDontagion to be a delusion, and recklessly exposed h~ 
to the infective air. This strong man, who was free from a 
■naj'iaion of hereditary taint, waa smitten by tuberculosis of e: 
the same kind as that exhibited by the dnga, and in fonrteen w 
) e was a corpae. Examination after ileath proved the identity d 
tbe disease which killed him with that which affected the d 
llii' Hilly difference being that ho, having lived Inuger, Bihibited t] 
Diiiud^ in 1 more advanced stage. (<X;iob<;r, IdUl.J 
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TWENTY years ago, at the inetaDce of Mr. Macmillan, 
I threw these 'jottings ' together for hia excel- 
lent magazine. In survejiug them I notice, what ia 
confirmed by a larger survey, that my life, in regard 
to working power and consequent enjoyment, has been 
one of upB and downs. Intellectual work has its de- 
lights and drawbacks. Strain and worry of mind are 
admitted causes of physical disturbance, and of them 
I have Lad my share, ' Materialism ' is also better 
understood than it used to be ; and no man subject to 
a weak digestion with periodic loss of sleep will be in- 
disposed to assign to material things a transcendental 
value. They act upon body and mind; predisposingtbe 
organ of intellect and imagination to give to current 
events, especially on wakeful nights, an over-brilliant 
jolourfjig. For such derangements I know nothing 
better ihan a dose of the glaciers — under the condition, 
however, that they have an organism needing purifica- 
tion and repair, but otherwise sound all round, to 
act upon. The reader would err if he imagined that 
the ' lowness of spirits' revealed here and there in these 
'jottings' was a permanent lowness. The contemplated 
abandonment of the Alps was all moonshine. Seven 
years after my ' leave-taking ' I built my aerie upon the 
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heights, where the snow, which falls as I write, height«iit^4 
instead of lowering, the inner temperature of the old ,| 
mountaineer. 



Paut L 

SiNCH the publication, seven years ago, of a little tra 
entitled ' Mountaineering in I86I,' I have contributeifl 
hardly anything to the literature of the Alps. I havel 
gone to them every year, and found among them refuge J 
and recovery from the worlt and the worry- — which actsl 
with far deadlier corrosion on thebrainthan real work — •■ 
of London. Herein consisted the fascination of thag 
Alps for me : they appealed at once to thought anct 
feeling, offering their problems to the one and thei 
grandeurs to the other, while conferring upon the b 
the soundness and Ihe purity necessary to the healtbfti 
exercise of both. There is, however, a natural end t 
Alpine discipline, and henceforth mine will probably h 
to me a memory. The last piece of work requiring 
performance on my part waa executed last s' 
and, unless temptation of unexpected strength ass 
me, this must be my last considerable climb. 
soberness of mind, but without any approach to regret, ! 
t:il;e my leave of the higher Alpine peaks. 

And this ia why it has occurred to me to thrc 
together these odds and ends of Alpine experience ini 
a kind of cairn to the memory of a life well lovo( 
Previous to the year 1860, I knew the Matterliom i 
others did, merely as a mountain wonder, for up to t' 
lime no human foot had ever been placed on Its repi 
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lent crag^a. It is but right to state tliat the man who 
(irat realij examined the Matterhorn, in company with 
a celebrated guide, who came to the conclusion that 
it was assailable if not accessible, was Mr. Vaughan 
Hawkins. It waa at his suggestion that in August 1 860 
I took part in the earliest assault upon this formidable 
peak. We halted midway, stopped less by difSciilty, 
though that was great, than by want of time. In 1862 
I made a more determined attack upon the mountain, 
but was forced to recoil from its final precipice; for 
time, the great reducer of Alpine difficulties, was again 
wanting. On that occasion 1 was accompanied by two 
Swiss guides and two Italian porters. Three of these 
four men pronounced flatly against the final precipice. 
Indeed, they liad to be nrged by degrees along the sharp 
and jagged ridge — the most savage, in my opinion, on 
the whole Matterhorn — which led up to its base. The 
only man of the four who never uttered the word 
' impossible ' waa Jobann Joseph Bennen, the bravest of 
brave guides, who now lies in the graveyard of Eman, 
in the higher valley of the Rhone. We were not only 
defeated by the Matterhorn, but were pelted down it« 
crags by pitiless bail. 

On the day subsequent to this defeat, while crossing 
the Cimes Blanches with Bennen, we halted to have a 
last look at the mountain. Previous to quitting Breuil 
I had proposed to him to make another attempt. He 
waa adverse to it, and my habit was never to persuade 
him. On the Cimea Blanches I turned to him and used 
these words : 'I leave Breuil dissatisfied with what wa 
have done. We ought never to have quitted the Matter- 
horn without trying yonder arete.' The ridge to 
which Bennen's attention was then directed certainly 
seemed practicable, and it led straight to the summit. 
There waa moisture in the etrong man's eyes as he r 
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plied, falling into the patois which he employed wlien 
his feelings were stirred : * What could I do, sir ? not 
one of them would aficompanj me.' It was the accurate 
truth. 

To reach the point where we halted in 1862 ond 
particularly formidable precipice had to be scaled. Jv 
had also to be descended on our return, and to get down 
would he much more hazardous than to climb. At the 
top of the precipice we therefore fastened a rope, and 
by it reached in succession the bottom. This rope had m 
been specially manufactured for the Matterhorn by Mr.ll 
Good, of King William Street, City, to whom I hadW 
been recommended by his landlord, Appold, the famous 
mechanician. In the summer of IStio, the early part 
of which vfas particularly favourable to the attempt, one 
of the Italians {Carrel dit le Bersaijllefr) who accom- 
panied me in 1862, and who proved himself on that 
occasion a first-rate cragsman, again tiied his fortune 
on th6 Matterhorn. He reached my rope, and found it.a 
bleached to snowy whiteneas. It had been exposed foi 
three. years to all kinds of weather, and to the frayinj 
action of the storms which assail the JMatterhorn ; but] 
it bore, on being tested, the united weights of three I 
men.' By this rope the summit of the precipice which Jf 
had giveu us so much trouble in 18G2 was easily and'! 
rapidly attained. A higiier Nachtlager waa thus * 
secured, and more time was gained for the examination I 
of the mountain. Every climber knows the value of J 
time in a case of the kind. The result of the scrutiny 
was that a way was found up the Matterhorn from the ' 
Itiilian side, that way being the ridge referred to in my ] 
conversation with Bennen three years before. 

Committed thus and in other ways to the Matter* ] 
honi, the condition of my mind regarding it might ))« 
> A fud o[ this rcpe is now in m; poEsesdon. 
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fitly compared to one of those tmclieerriil teneinenia 
ofLeo seen in the Deigiiboiirhood of LondoD, wli^re an 
adventurous contractor has laid the foundations, run up 
the walls, fixed the rafters, but stopped short, through 
bankruptcy, without completing the roof. As long as 
the Matterhorn remained unsealed, my Alpine life couhl 
hardly be said to be covered iu, and the admonitions of 
my friends were premature. But now that the work If 
done, they will have more reason to blame me if I fail 
to profit by their prudent advice. 

Another defeat of a different character was abo 
inflicted on me in 1862. Wishing to give my friend 
Mr. (now Sir John) Lubbock a taste of mountain life, I 
went with him up the GalenMtock. This pleased him so 
much that Bennen and I, desiring to make his cup of 
pleasure full, decided on taking him up the Jiin^'frau. 
We Bent two porters, laden with coverlets and provisions, 
IVom the ^gijischhorn to the Faulberg, but on our 
arrival there found one of the porters in the body of the 
Aletsch glacier. He had recklessly sought to cross a 
auow-bridge which spanned a broad and profound chasm. 
The bridge broke under him, he fell in, and was deeply 
covered by the frozen debris which followed him. He 
had been there for an hour when we arrived, and it 
required nearly another hour to dig him out. We 
carried him more dead than alive to the Faulberg cave, 
and by great care restored him. As I lay there wet, 
through the long hours of that dismal night, I almost 
registered a vow never to tread upon a glacier again. 
But, like the forces in the physical world, human 
emotions vary with the distance from their origin, and a 
year afterwards 1 was again upon the ice. Towards the 
close of 1862 Bennen and myself made 'the tour of 
Monte Rosa,' halting for a day or two at the excellent 
hostelry of Delapierre, in the magnificent Val du Lys. 
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Home enough and graceful enough to brighten a tired 
traveller's thoughts, and to raise by her presence the 
modest comforts she dispensed to the level of luxuries.' 
It raJDed all night, and at 3.30 a.m., when we wve 
called, it still fell heavily. At five, however, the 
clouds began to break, and half an hour afterwitrda the 
heavens were swept quite clear of them. At eix we 
bade our pretty blossom of the Alps good-bje. She 
had previously to bring her gentle influence to bear 
upon her master to moderate the extortion of some of 
his charges. We were soon upon the Slein glacier, 
and after some time reached a col from which we 
looked down upon the lower portion of the nobler and 
more instructive Trift glacier. Brown bands were 
drawn across the ice-stream, forming graceful loops 
with their convexities turned downwards. The higher 
portions of the glacier were not in view, still those 
bands rendered the inference secure that an ice-fall 
existed higher up, at the base of which the liands 
originated. We shot down a shingly couloir to the 
Trift, and looking up the glacier, the anticipated cas- 
cade came into view. At its bottom the ice, by 
pressure, rmdeiwent that notable change, analogous to 
slaty cleavage, which caused the glacier to weather in 
parallel grooves, and thus mark by the dirt upo>i its 
surface the direction of its interior lamination. 

The ice-cascade being itself impracticable, we 
' Thaokeray, in his ' Peg of Liraarady,' is perhaps mora to Iha 
point than Emerson ; — 

' Fiesentlj a maid 

Enters witb the liquot — 
Half-B-pint of nle 

FrothtDg in a beaker ; 
Ae she came she smiled, 

Andlhe smile bewitching. 
On my word and honour 

Lighted all the kitchen.' 
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aled the flaDking rocks, and were soon in preseoce of 
tlie far-Btre tubing andw-fields from which the lower 
glacier derives nutriment. With a view to hidden 
crevasses, we liere roped ourselves together. The sun 
was strong, its direct and reSected blaze combining 
against us, Tlie scorching warmth experiencad at 
times by cheeks, lips, and neck, indicated, in my case, 
that mischief was brewing. But the eves bein^ well 
protected by dark spectacles, I was comparatively indif- 
ferent to the prospective disfigurement of my face. 
Mr. Sclater was shelteied by a veil, u mode of defence 
which the habit of going into places requiring the 
unimpeded eyesight has caused me to neglect. Thera- 
seeras to be some specific quality in the sun's rayB|| 
which produces the irritation of the skin experienci 
in the Alps. The solar heat may be compared, 
point of quantiti/i with that radiated from a furnace 
and the heat which the mountaineer experiences oi 
Alpine snows is certainly less intense than that eoi 
countered by workmen in many of our tech nil 
operations. But terrestrial heat appears to lack 
quality which gives the sun's rays their power. 
Eun is incomparably richer in what are called cbemii 
rays than are our fires, and to these chemical rays 
irritation may be due.' The keen air of the height 
may also have something to do with it. As a remedj 
for sunburn I have tried glycerine, and found it 
failure. The ordinary lip-salve of the druggists' sho] 
is also worse than useless, hut pure cold cream, for 
supply of which I have had on more than one occasii 
to thank a friend, is an excellent ameliorative. 

After considerable labour we reached the ridgi 
a very glorious one as regards the view^ — which foi 

' I might have said 'is certainlj due.' A powerful 'arc-] 
produces, in a sheltered room, substaniiallj' tlie sauie efffeot i 
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tbe common boundary of tlie Rhone und Tiift glaciers.' 
Before ua and behind ua for many a mile fell the 
dazzling neves, down to the points where the grey Il'b 
emerging from its white coverlet declared the junction 
of siiow-field and glacier. We had plodded on for hours 
soddened by the solar beat and parched with thirst. 
There was 



For, when placed in the mouth, the liquefaction of the 
ice was so slow, and the losa of heat from the surround- 
ing tissues BO painful, that sucking it was worse than 
total abstinence. In the midst of this solid water you 
might die of thirst. At some distance below the col, 
on the Rhone side, the musical trickle of the liquid 
made itself audible, and to the rocks from which it 
fell we repaired and refreshed ourselves. The day wa^ 
far spent, the region was wild and lonely, when, beset 
by that feeling which has often caused me to wander 
singly in the Alps, I broke away from my companions, 
and went rapidly down the snow-field. Our guide had 
previously informed me that before reaching the cascade 
of the Rhone glacier the ice was to be forsaken, and the 
Grimsel, our destination, reached by skirting the base 
of tbe peak called Niigelis GriitH. ~ After descending 
the ice for some time I struck the bounding rocks, and 
climbing the mountain obliquely, found myself among 
the crags which lie between the Grimsel pass and the 
Rhone glacier. It was an exceedingly desolate plac;, 
and I soon had reason to doubt the wisdom of being 
there alone. Still, difficulty rouses powers of wliieli we 
should otherwise remain uncai.sciuua. The heab H 
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day had rendered me weary, but among these rocka the 
weariuesB vanished, and I became clear in mind und 
fresh Id body through the necessity of escape befor 
nightfall from this wildernesB. 

I reached the watershed of the region. Here a.l 
tiny stream offered me its company, which I accepted. 
It received in its course various lateral tributaries, and. I 
at one place expanded into a blue lake bounded by I 
banks of snow. The stream quitted this lake aug- • 
mented in volume, and I kept along its side nutil, ' 
arching over a brow of granite, it discharged itself 
down the glaciated rocks, which rise above the GrimseL 
In fact, ibis stream was the feeder of the Grimsel lake, 
I halted on tbe brow for some time. The hospice was 
fairly in sight, but tbe precipices between me and 
it seemed desperately ugly. Nothing is more trying ■ 
to the climber than clitfa which ba\'e been polishedfl 
by tbe ancient glaciers. £ven at moderate inclina^j 
tions, as may be learned from an expmment on thi 
Hiillenphitte, or some other of the polished rocks iq 
Husiitbal, they are not easy. I need hardly say t 
the Inclination of the rocks flanking tbe Grimsel is t 
reverse of moderate. It is dangerously steep. 

How to get down tliese smooth and precipitoni 
tablets was now a problem of the utmost interest tome] 
for the day was too far gone, and I was too ignorant ti 
the locality, to permit of time being spent in tbe searcl 
of an easier place of descent. Eight or left of me I saii 
none. The continuity of the cliffs below me was oc(M 
sionally broken by cracks and narrow ledges, with scantj 
grass-tufts sprouting from tbem here and there. Tlu 
problem was bow to get down from crack to crack a 
from ledge to ledge. A salutary anger warms the minj 
when thus challenged, and, aided by this warmth, clos 
BOTutiny will dissolve difSculties which might otberwifl 
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seem insuperable. Bit by bit I found myself getting 
lower, closely exiiminiiig at every pause the rocks below. 
The graas-tufta helped me for a time, but at length a 
rock was reached on which no friendly grass could grow. 
I'his slab was succeeded by others equally forbidding. 
A slip was not adnaissible here. I looked upwards, 
thinking of retreat, but the failing day urged me on. 
From the middle of the smooth surface jutted a ledge 
about fifteen inches long and about four inches deep. 
Once upon this ledge I saw that I could work obliquely 
to the left-hand limit of Ihe face of the rock, and reach 
the graas-tufts once more. Grasping the top of the 
rock, I let myself down as far as my stretched arms 
would permit, and then let go my hold. The boot- 
nails bad nest to no power as a brake, the hands bad 
still less, and I came upon the ledge with an energy 
that shocked me. A streak of grass beside the rock 
was next attained ; it terminated in a small steep couloir, 
the portion of which within view was crossed by three 
transverse ledges. There was no hold on either side of 
it, but I thought that by friction the motion down the 
groove could be so regulated as to enable me to come 
to rest at each successive ledge. Once started, however, 
my motion was exceedingly rapid. I shot over the 6rst 
ledgp, an uncomfortable jolt marking my passage. 
Jl^re I tried to clamp myself against the rock, but the 
second ledge was crossed like the first. The outlook 
now became alarming, and I made a desperate effort to 
stop the motion. Braces gave way, clothes were torn, 
wrists and hands were skinned and bruised, while hipa 
and knees suffered variously. I did, however, stop my- 
self, and here all serious difficulty ended. I wasgreatly 
heated, but a little lower down reached a singular cave 
in the mountain-side, with water dripping Irom its roof 
into a clear well. The ice-cold liquid soon restored ma 
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to a normal temperature. I felt quite freRh on enter- 
ing the Grimael inn, but a curious physiological effect 
manifested itself when I had occasion to speak. The 
power of the brain over the lips was so lowered that 1 J 
could hardly make myself imderstood. 



My guide Bennen reached the Grimsel the following 
morniuf;. Uncertain of niy own movements, I had per- 
mitted him this year to make a new engagement, which 
be was now on bis way to fulfil. There was a hint of 
reproach in his tone as he asked me whether his Herr 
Professor had forsaken him. There was little fear of 
this. A guide of proved competence, whose ways you . 
know, and who knows you and trusts you, is invaluablo 
in the Alps. Bennen was all this, and more, to me. I 
As a mountaineer, he had no KUperior, and he added to j 
hia strength, cournge, and skill, the qualities of a j 
natural gentleman. He was now ready to bear us com- 
pany over the Oberaarjocb to the jEggiscbhoru. On'j 
the morning of the 22nd we bade the cheerless Grimsel I 
inn good-bye, reached the Unteraar glacier, crossed ita J 
load of uncomfortable debris, and clambered up the. 'J 
slopes at the other side. Nestled aloft in a higher 1 
valley was the Obcraar glacier, along the unruffled sux- i 
face of which our route lay. 

The morning tlireatened. Fitful gleams of sunlight J 
wandered with the moving clouds over the adjacent ice. 
The Joch was swathed in mist, which now and then gave ] 
way, and permitted a wild radiance to shoot over tha ] 
cnl. On the windy summit we took a mouthful of food j 
and roped ourselves together. Here, as in a hundreds 
other places, I sought in the fog for the vesicles of De'l 
Saussure, but failed to find them. Bennen, as long a^M 
we were on the Berne side of tlie col, permitted Jaun^ n 
to take the lead ; but now we looked into Wallis, 
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rather into the fog which filled it, and the Wallis guide 
came to tlie front. I knew the Viesch glacier well ; it 
ia badly crevassed, and how Benneo meant to unravel its 
difficulties without landmarks I knew not. I asked 
him whether, if the fog continued, he could make his 
way down the glacier. There was a pleasant tunbre in 
Bennen's voice, a light and depth in hia smile due to 
Ihe blending together of conscious power and warm 
affection. With this smile he turned round and said, 
'Herri Ich bin hierzu Hause. Der Viescher Gletscher 
ist meine Heimath.' 

Downwards we went, striking the rocks of the 
Rothhorn so as to avoid the riven ice. Suddenly we 
passed from dense fog into clear air ; we had crossed 
'the cloud-plane," and found a transparent atmosphere 
between it and the glacier. The dense covering above 
ua was sometimes torn asunder by the wind, which 
whirled the detached cloud-tufts round the peaks. 
Contending air-currents were thus revealed, and thim- 
der, which is the common associate, if not the product 
of such contention, began to rattle among the crags. 
At first the snow upon the glacier was sufficiently heavy 
to bridge the crevasses, thus permitting of rapid motion ; 
but by degrees the fif^sures opened, and at length drove 
us to the rocks. These in their turn became impractic- 
able. Dropping down a, waterfall well known to the 
climl)era of this region, we came again upon the ice, 
which was here cut by complex chasms. These we un- 
ravelled as long as necessary, and finally escaped from 
Uiem to the mountain-side. The first big drops of the 
thunder-shower were already falling when we reached an 
overhanging crag which gave us shelter. We quitted 
it too Boon, beguiled by a treacherous gleam of blue, 
and were thoroughly drenched before we reached the 
.Eggischhom. 
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TliU was my last excumoD with BenBen. In tbi 
Oiuutli of February gf the folli^win^ ;ear he was killed 
by an av&lancbe vu the Haat de Crv. a mouutaiu near 
Siun.' 

Having vorktoexecute, I remained at the ^ggiscb- I 
iiom for nearly a. month in 18C3. My ^ivourite place ^ 
fur rest and writinj^ was a point on the monntain-side 
al>out an hour westwards from the hotel, where the 
uiigbty group of the Minehabel, the Matterhom, and 
iJia Weisahorn were in full view. One day I remained 
ID this position longer tliun usual, held there by the 
fftBcinatian of the HiinDet. The mnuntains had stood 
out Dobly clear during the entire day, but towards 
evening, upon the Uoin, a cloud settled, which wag 
finally tlriiwu iciln a long streamer by the wind. K'o- 
thing can be finer than the effect of the red light of 
Huuset, on tfaoee streamers of cloud. Incessantly dii^i- 
pattd, hut ever renewed, tliey glow with the intensity 
of flumes, lly-and-bye the banner bioke, as a liquid 
eyiinilor is known to do when imduly stretched, forming 
a Msrios of ulouil-balls united together by slender fila- 
iitents. I watched the deepening rose, and waited fiwjj 
the deiidly puUor which sttcceeded it, before I tbougU 
of returning to the hotel. 

On arriving there I found the waitress in 
She conversed eagerly with the guests regarding 
ab^ucti of two lailit^ and a geutleman, who hadquitt« 
the hotel iu the inoruing without a guide, and wht 
vtiite iiow beui^htcd on the mountain. Herr Weill 
lliii liiiidlord, WiU also much concerued. 'I recoog 

' \ Hum dI iQuaej was colleciied in England foe Bbu 
molhur and lialon. Mr. Hnnkioa, Mr. TacketC, and mj'ReU h 
tiiiull uioiiuluuiilf ureutet] to bja meiaoTy in Enioii churohraid. 
■upvriuuuu ol Uta wuck wua aolrusted to aoierjc&t Irieud of I 
luu'i, «ho, huwuvur wull-inteutioned, mada a pour oim uC iiia ti 
> oieiui. tuid ita iiwcci^Cioa uiitiue. 



